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2?n:»oaan>j< 



t!)o dlMcvory of ilW^oleotrlo aro \rj Qavy^ opened a vast field for 
the iitveetl{-ation of the phenoctona of tiie are dlooharce* Todayi laoro 
than a oentury after ite disoovery, there are still vmtf hidden eeorets 
ocmeemin^ the laeelianian of the are eperatl<m» Althou^^ many facts 
oonoemin^* the exact meehanim of tlio operation of the arc are unknown, 
the are la a oonveniont and widely ee^loyed tool of many Industrial and 
eoisDtifle proeessoa* freqiuently uneanted ares will fom in elootrieal 
eireuite end equipnoRt and they are ueually aeooe^enied by undesirable 
effecte* It wovild eeea evident that« if all the noe^Mniene of the are 
were known, than the deolrable effects of the aro oould be utilised to 
their {greatest «ctont tdiile the mdeeirable effeote oould more readily 
be eontrelled* It i#ac in ki effort to find an eiqplamtion for eeme of 
the oharaotorletiee ef tiie aro eteehaniaa that the voxk described in this 
paper was undertaken. Beeauoe of the nature of the ssq^erineRte conducted, 
this study is primarly directed towards Investigating the effeote of the 
arc at tlie anode. 

Before proceeding with a diseusslcn of these Investicatiesu* it 
■ppeare advisable to briefly outline a few of the presently accepted 
faetc oonoeming the are Mshanisn and operatiwi. 

(a) . Area any bo fomod between, either solid er li<fuid sendiurtors. 

(b) . An aro sen not salxt in a coup lets vasuus, but ooeurs only 

idisn an atnesphers of setae kind fills the apaoe between tlie 
electrodos. 

(c) . Aree may be Initiated byi» 

(1). Transition from a glow discharge. 



(2)* initiation by a spark* 

(j$)« Initlatlan ty s^sration of oantasts* 

(4)* Kaating ona or botii alsotrodaa to Inaandoscauee* 

(d)* Th« aro Is oharactorlasd by hi^x eurrmt dsnslties* 

( 4 )* Ihs (mrrant in tho aro is sarriod by both oloetrans and posltivs 
ions* 

(f) . Ko EMtxiraua 1 ini ting value of aro currant appoars to axict* 

(g) * !Hie potontial drop assoaiatad ulth tho aro gonorally is in tho 

ran^o rroa 20 to 100 To}.ta ond is usually non*linoar with 
reapeet to aro etirront* 

(h) * Tlio potontlal drop asBooiatod witSi ‘^e aro lo usually ocmoidorod 

as bolng o<a^osod of tiireo soparato and dlstlr^t voltage drops* 
nacolyi- 

(1) * T!io Anodo Drop* 

(2) * Dio i'laoaa Oradient* 

(^}* Dm Oathodo Drop* 

(i) * aanioelon of oloetrono fron tho oathodo lo a naeosoary ro^lro- 

JifX' 

Bont for the kto* to saist* 

(j) * Current densities ef the order of ^*000 aaporso per oguaro 

oentlBoter at tho oatliodo spot have boon cMaourod^* 

(k) * Curront densities of yX) anporoe per square oontiaeter have 

boon soeasurod in the are plaana^* 

(l) * Apfiarent current dunsitlee of about 2;|$tC00 ssperes per e>iuare 

eentiaeter have been oalculated for the anode ^ot'^* 

Reoantly on esctenaive serlee of inrestligatienBf under the qpenaor- 
ihlp ef the Ofiee of Maval ‘*esoaroh* have been taadertaksn at the 
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I John* KcpJcino I’nivcroit^ tho purpose of attos^ttlng to add further 

Infornaticn to tho above partial list of faote known about the eleotrlo 

arc*. Ctio phase of those inveabisationo^ conducted with tho ourrant 

6 

d«o. aro* weire liaeed on oertaln phencoMna first obso^ed Kouwenhovon * 
It Mas found thatf tdien an are Is fomed between a stationary sathode in 
t2ie fom of a rod and a moving enode In the for* of a flat eotalio sur- 
fae*t a record of dtecrito ^ois of melted metal would bo left on tho 
anode* Iheso apoto have been ealled Anode %ote and beoauee ef the metitod 
by Mhleii they are obtainod,tji«y effectively eproad, in i^aoe» tJio aotl<m 
ef the are <m tho anodo. This ’spreading In upaeo* of tomo of the offeota 
of the are onergleii||has aided in the study of oortain are phenoEMMeay whi<^ 
had previously boen ebssured by the intense eoaeent lut i on of energy in a 
very snail area at the enote* ' 

Prom a euggeetion iy Kouwonhoven and Jonee^*^*®*^^ »dio had developed 
tlie moving eleetrods teohni^xMi for i^eedo approaching ^pOO foot per min- 
ute and In an effort to extend tlie speed range obtained by iSsmrsrC^ new 
apparatus was deeif^ned and built by the author for the prurpose of extend- 
ing the speed range to IC.OCO feet per miraite. The apparatus was conat- 
ntoted in such a manner as to permit increasing thie speed range to two 
or three times tlie value quoted above* by the eisple medlfieation of the 
installation of on anode wheel made faros a ou liable material* 

As a brief baekgroun^for the diecuosion of tJie inveetlgation conduc- 
ed ly the autlior in the field of 'Anode ^ete'* the followii^^ partial 
ronsery ef the voxk ef t}ie earlier Inveetigotions of the anode wpot 
^ phencmena la presented^* es^erlaents have been 

earrled out for high eurront d*o* ares with relative motion of the elect- 



rodoB to wppor limit of 4,000 foot por stlpute for mild otool onodB 
t«pefi* Anodea of alminwo, coppar ond tr.iiv» tapee !mvo aloo boon uaod 19 
to i^oeda of 2,000 faat par aimtte. ORthodaa of oarixm, ttxnf.atan, ataal 
ojid coppor hara bawi cnployad* At all axcapt tho very low apaeda the arc 
fomo dleorato apote on tha enodo rat^iar than a eontinuoua track* Mien 
the novlng; piano petal aurfaoa la made naf^tlva vlt:i raaqp cot to a atat- 
ionary anode rod the aathodo c^ot appaare to tiraea a eontinuous traok on 
the plana oathoda eurlkoa* Jm. tha latter oaea the are la txaiti laaa atabla* 
Par tha mild ataal anodoa apparent oxirrant daneitioa of tha order of 
2-%0(X) aaparaa par aquara oantiAatar have boon obscrrad 

lA ordor to detamiaa tha anode materlala to be uaed In this imro£rt> 
iGatlon, a aludy of the raevlta of tha aarlior invastl^tiona of tha hi^ 
current d.c. aro. In wiiiah tha moving alaotroda toa^iniqvieiiad ba n employed 
was oonductad* ^la aiudy indioatod that tho variation, with alaotroda 
qpaad and aro ourrant, of tha nunbor af anode apoto fonaad par inch and 
tha individual anode apot aroao far alidrinun* etoel and alno anodaa all 
appeared to fall into tha aame pattern* hewavar, for o^par anodes tha 
variation af tha numbar of aaeda spot a fonaod per inch and tha individual 
anode ^pot areas did not fit this amo pattern* fiaeausa of thin differ- 
areo, it waa daeldad to uao coppar ae ona af tha anodo miarlalo alloyed 
in thio invaatl(^tion« Further, baoouoa af t)ia markad aimllarity in the 
variation in tha naaaurabla aro variablaa for almimm, ataol and eino 
anodaa and in view of tha aaoa of handling it waa daoidad that alminiaa 
would be ueed ao tha eaaond aneda aiatarial enployad in thoa Irnreatlnationa 
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1^6 os^p^rliMKital apparatus doal^ied, «(Hi«tructed and oporatad b;/ tns 
author for th* purpooo of obtaining additional infonation about tho hl^ 
currant d*o* aro anoda iciot phanoHim. io datorlbad in tha follomlns aootian* 
Ilia doaoriptlon la paxiiapa boat aooor^liahod by firat dosorlbing tho in- 
dividual phyoiaal eoa^oRanta af tha apparatua and than aoorolating thaaa 
caoponcnta by giving a datailad axplinaiion of tho asporinatitnl toottniqua 
ervolvad for tlieir uaa« 

Doaign raquiramenta 

lha phyaioal daai^i af th« axpariaanial opiKuratua waa oontrcllod by 
tea follovlng raqulramontai- 

(a) « Iho apparatua had ta bo aapablo af produalng ralativa apa«da up 
to tan thoi;aond foot par nlnuta batwaon a oatUada in tha fom of a rod 
and an anoda in a fora teat should aloaaly approx^«to an infinlta plana» 
ahilo salntaing a proaat diatanae batvaon tlia anoda atirfaoa and tho tip 
of tho oathoda* 

( b) • lha aathoda and anoda atomtinga had to bo of such a notura aa 
to pomit Eunmilng tea various kinds of oathoda and anodo natarlala as 
night ba daelrod by tea invaatigator* Koroovar* thaoa aountinga had to 
ba alaetrloally aoparatad ona froa tha othar axeapt through tea are path 
froB tea anodo to tea eathodo* 

(o)* tea aleotriaal portion of tea apparatus had to bo e&pablo of 
Bupplyingt diatriHitin*,! aoaauring and rocording eurrenta and voltagsa 
up to six hundrad aaperaa and tmo hundrsd rolta rogpoativoly* 

(d) Tha acsitrola of teo apparatus had to bo suffieiantly alrplo and 
amngod in such a aHunor aa to penait a alngla invoatip^tar to aasily 
operate all oontrola required far a partlaular ai^ariaant* 



(e). If praotioablo th« prop«rtloo and Him phyaloal a-rran^ji- 

s»mt of tho G^p&ratua had to be of euoh a nature ae to o&uee “Uie laeat 
dlaturbaaee to tho ere* 

mmuOs BcsG!tiPTioN or thi ArrmTas 

ficere 1 alioee a ceoearal vlev of ^te appermtaa eOMebled in «a ettinpt 
to Allfill the eboT* reqairoMBte. The eppermtuf ewaelete ef the fbllewlnc 
Mia eeeeahUee end eqolpMnt| (a) the aaoie eseeabl/y (b) the eethode 
eeaeebljf (e) the ere etertlnc aeohealMi, (d) the ere power euppl/^ 

(e) the oeatrol peael» (f) the anode epeod^are eurrent and are eoltece 
■eaeurlng equlpnwt md (g) the hl|^ apeed eeaara for high apeed photo* 
gnqdile raoerdiag* 

The Mode easeably eoaalata eeaentlally of e large eaat Ixen aheil 
attb ite idieft horlaMtal. The enode Mterlelf after being Ibmed into 
a ocmtlnuo«a ciroalar teqpe abent aix indiaa in iddth^ me aouated oa the 
parlpbarjr of tho ehoel* Tbo rotation of ‘Uie ahoel oarriod the anode peat 
tho oathodo aotiatad on a earrlage alux« froa tea parallol gaidaa* Tbia 
•oanting peraitted the oathodo earrlage to be draim in the direetloa of 
axle of aatatioa of the aaade wheel. 

The oathode aounting waa eoaatruetad eo that the ext«saioa of the 
eeaterllne ef the eathode rad inieraeota ^a axia af xotatioa of tho 
anode i^eel aad ia parpeadlanlar to the aaade at their peiat of intaiv 
aootloa. Tho eeablaatioa ef the rotatSoa of the eaede tape aad the 
liaear aotloa of tbo oathode een be adjueted to eaaao the interaeotloa 
ef the cethode rod eanterlinef eatendedf aad the aaoda anrfaee to traM 
eat a halloial path oa tho aaoda euffaee^ that apreading la apaee the 
ere pheaoaeaa recorded et Htf anode aorfeee* 



f — 



ANODC AS^SmLf DCTAIL5 

la ard«r to alnlalso way adTamo offoets of rihrmtlxm, %3am aaodo 
afeMl BOttatinc aaa a«d« as sturdy as praetlsabls. Tha aountlaf oonslsts 
of a asial tahia ooaposad of four «st Ivui supports boltad to tho floor 
aad toppod frl'Ui a stool plots flsar foot loaf, throo foot aids sad oao 
laeh thldi* Tho anoda ahool axis Is throo sad coo qpiartor laohos in 
diaaotorf appproxiaatly four aad oao half foot loaf Md is oarrlod by tas 
high spood Tiapkaa soUor boariags* Tho axis boarlaga aro soouraly boltod 
to tho stool tablo top «oaas of throo qoartor iaoh thru bolts. Tho 
oast iroa aaodo #iool is pMsaad on this i^aft aad loekod into plaoo tgr 
aoaas of a oao half iaoh sqaara hay. Tho «iodo shoal and axlo a ss sdb l ^ 
alth its aouatlBf bas^aoighs approxlaatoly tbroa qaartars of a too, 

Tho porli^iory of tho saodo shoal has a fMo sosm and oao half Ineboo 
sldo with a slif^t orosn. Tho «sadsdbr diaaotor at tho oantor of tho 
shoal fata is thirty fiso and ono half inohos. This disswtor dooroasos 
to 34.444 ia^os at ^o ontor oigao of tho shoal faso. ly aaking tho 
iaaor sirosiforoooo of a eaotiouotts anoda taps 111.937 ineho lMig» tha — 
taps aottld ba aaouroly loakad ao tha pariphary of tho anoda shoal by 
utilising tho tapor of tha faoa of tho anoda shoal and fbrolng natal 
ahias^thirty tbeusandtha of an Inoh thiak ^^undar tha ontar adga of tha 
anoda tapa. Tha anoda shaal ia drlson by throo *to«' bolt# fion a thraa 
horsaposar^ diraet eurrant^ sariabla spaad nator. To prasaat tha larga 
ara oarranto fran flowing through ^o anoda abaft roUar boaiingSt tho 
dloetrloal ooasoetlon fron tho anoda %cjth9 are ourront ganarater alrouit 
siring io eooplatad ^ra«|h x slip rln^neuatad an tha anoda shaal drlvlag 
I rtiaft.and four earbcm brushoo. Tha total brush sentact aroa ia appxoxinatly 
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Tb« anod* drlTlag mo%»T ia raWd at thraa haraapeaar at 1290 SPM aad 
at ftOl load dvava aightaao and aoa half aapai«a fxoa a 220 yolt 
Bj aaaoa of tha drima th« anada aliaal aan ha drlaao 19 to 1200 MPH, 

oorxaapmidiag to a salativa apaad af tha Moda awfaaa paat tha CMtthada 
af appxQxlaataX^ altaan thonaacd faa^ par alnxta* To piavlia for tha 
rai^ af aaoda qMada daalradf tha atator flald alndiafa of tha anoda 
driva aotar lara aomaatad to tha 220 yaUX diraat oanant nepplf ahila 
tha anatara airouit aaa arvant*^ ao aa to pamlt oannaatlng tha araa* 
tara ta althar tha 110 aalt ar tha 220 tolt diraot oorrant aauiaaa* 
Addltlaoal ai>aad aoatiol ia piorided \ny inaladinf a aarlahla aarlaa 
raalator ia tha mxaatara airouit. Tha raalatar aaad ia a atandard lab* 
aratoiy laap haek aad ia aonsaotad ao thatf ia aiditlaa to pxoridlag tha 
apaad aontrol daairad, it aao ba aait<tfMd ao aa to provlda a diaaapatiaa 
load for djmaiiia brak^U« of tha anoda ahaal at tha oonalaaloa af a xva« 

CATBODt ASSSHBLI DiTAILS 

I 

Tha oathoda a aaa ah ly aonaiata of a aarriaco# aontainiag an alaetrada 
boldar^ ahieh ia aountad on too 00a half inch rauod foidaa thua pamit* 
tiaf tha aathoda aarriac# ta ba aovad parallal to tha aurfaoa af tha 
aaoda in a dlraation parpandleolar to tha diraatioa of aotloa of tha 
•coda. Fifuraa 2,aad 3. ahov tha dataila of tha aathoda aaaoabljr. Tha 
aathoda oarrlaca ia dram along ita gaidaa bf aaaim of a puUaf lira 
aoanaotod to tha aathoda drlia aator pallagr ihaal. Tha aathoda drira 
aatar ia aaaurad to tha laiar auifaea of tho aathoda aaaami/ aountii^ 

baaa. In ordar to pravant tha pitah of tho halix traaad m tha anoda» 
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}sy til* anod* «pota> from berwwUni too omU «ad thMi» bf tko ororlapplag 
of tko anodo ^pota# ebaetura tha daalrad raooid of aaada apot phaaoMne 
aad fUrthar, ta Inacura that tha oaxiarai nabar of Idantlfli^la tnaaa 
ba obtalaad alth a alalatoa axpaadltora of «wda aatarial, It la aaaaaa 
027 to aarralota tha apaad of tha aothoda aorriafa aith tha apaad af 
aooda. To proatda tha foofa of apaaia raq[oizad» tha aothoda drlaa oatar 
boa o aariabla aarlaa raaiatar oomaatad la ita axaatora aliaalt. la 
enter to pravaat daaafa to ihm Mtkoda earrlaga and tha InatnoMota 
aoaDtad tharaoa« o drlaa pnllagr-alra dlaaoimaot eaa la Inatallad ta 
unhoak tha aothoda oarriaga frao tha aothoda drlaa lAia ahao thla aorrlaca 
has troaalad tha fail dlatonoa poat tha aooda. da o Ibarthar praaant&oBf 
o kalfa aa&tahy laeatad io tha aathodyurlaa ootar anuitora alrooit, la 
ooootad aa that It alll ba apaoad bgr tha oathoda aarriaga ahan tha 
aarriaga haa tntvalad bajond tha aneda. Tha aotlra oathoda aataabl/ la 
■avatad an o n»odao boaa adght foot longf ai|^t Isehaa vlda and too 
lntf>aa thlcAc. Thla aoodan baaa parfama tha dual fonatlaoa af proaldlag 
a rigid ooimtlag far tha aothoda aaaaoblj ond loaulatao thla oa«a«bl7 
froo tha aooda oaa a a bly. 

TSS ABC STAKTIMQ ICCHABISX 

Flgwraa 2. and idiow tha aaahanlao maad to atart tha aro bataaao 
tha naving aooda and tha atatloBoiy oathoda* Thla aaaaobl/ aooaiata of 
a aaxhon rod oafiantad in a piaot mo ahleh la peeltioaad aa iUiat ahao 
tha plaat mm io rototad^ bgr oaana of Ita nMBota aootral linot tha aothmi 
rad alll aalag up and alooltanaooalj tooth tha aooda and %hm aatboda 
tima aooplatlog tha ara eircuit. Thla ahorting rad la hold io poaitlon 
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lone for thn Mthedo to boat up nuffloiontljr for thn are to nain* 

tain Itaelf after the ahertinc rod hae bem pensltted to eeiag baek to 
lie neutral poeitlon* 

ARO POWER SUPPLY A8D fflRIlfS OOBNECTIORS 

The peeer ev^ply vwed ftr the are eurrent le a General Sleetrle^ 
three buaired «qpere» portable eeldlng generatar. Thla naeblne ena 
deelgned an a eonatant eurrent eouree «id le ecptlpped nlth eontrole for 
rarlni ^e ouzrent auppUedt from a ninlnun of about 40 anperee to a 
nazlnua of about 425 eaeMree* 

The nlrisg conaeetloae beteecn the neldine generator and the enoie 
and eathode aeeenbllee are node hr neane of elx hundred anpere eeldlng 
eahle* Thle elreult eontalae four hundrad aa^re fueee te pxoteet 
the eeldlng generator. It alao eoutalna a heary duty double pole knife 
eeiteh to iaterropt the are current tODen deelred. 

nssexLASious xeoorduio bquipment 

The ere eurrent le neaeared and recorded on an Betarllno-Anguo record- 
ing anneter. The eurrent ehuate need elth the reeordlsg aueeter 
eonneoted In the anode portion of the aro elreult trlrlng. The era 
potential drop la neeeured end recorded bj neane of an Betaxline-Angua 
reeardlng uoltnater eomeotad aereei the anode end ee^iode eaeeabliee. 

The recording notare nor bo oeen In the foreground of Figure !• The 
neter ahoun la Flgurao 2. and 3, le a Triplett aiUianaeter, Thle nilli- 
anaeter ana eaoneated aoroea a eurrent ihunt la the anode ulrlag elrenit 
end ie need te indieate ere eurrent, Ite loeetlon uae idioosen ee that 
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it vottld b« in the fl«Xd of rimw of tho hlfh opood eoMro uood to pboto- 
fimidi tho arOf tliiai prorLdlag i^tographle oooroiUtloa botvowi tho in- 
otaatanootti appacranea of tba arc aad ttia are currant* 

Tha 16 m Kodak hi|^ apaed Motion platura aaMra^ with Ita 63 aa« f/2.7 
Iana« itoan la Plgara 1* la uaad to {^tagra^ tha are. Thaaa high apaad 
photographa acj ba aaad ta *apraad In tlaa* tha aetlon of tha are* 

Tba aaoda abaci rotatloiMl apaad la aaaaurad by aaana of tha Stroba* 
aoopa al^ Ita aonnaotad Strobalax^ both of ahl^ nay ba aaan la Figure 1* 

IQ0IP1B1IT LIMITATIONS 



Tha oaa aarioua ahartaoalag of tha a3q>arlBM«tal apparataa la tha 
upper Halt of are aurrant that atn ba auppliad bjr tha alagla aaldiag 



gaoarator* Thia Ilaltatloa aaa partleularlf aarloua at tha hi|^ar aaluaa 
of (Biada apaa^ahara tha aaxlaiai mlua af about 330 aaparaa 
aiaa onlj a faa paroant graatar than tha alaisan currant required ta 
Maintain a atabla are* In fhat^ although tha apparatua^ aa daalgnad 
and aonatruetady could pamlt anode apaada of 10^000 feat par Mlnuta* 
it mm net poaaibla to InToatigata tha are phanoaana at aaoda apaada 
graatar than 8^000 feat par alnuta baaauaa of thia Hadtation* 



Tha natural aaahanlaal Tlbratlonal fraquanay af tha aaoda aaaaabl/ 
aaa axaltad at anode apaada af 1«000 kA 6,000 feat p«r Mluuta* Tha 
M^plltuia of tba dbratlona praduoad at thaaa apaada aaa largo aaoui^ 
to Make algalfadant abangaa in ^ alaotroda aaparatlon* For thia 
raaacOf no attcnpt naa aada to obtain data in tha nalghhozfaood af ^aaa 
apaada* 

Oaa fbrthar Minor llaltatloo aacMa aortfay af McntioM* Tha MaadauM 
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obj*otlT« Mfntfloatlon obt»lnAbl« In th« aierosoop* «ui«d to mmut* tho 
•nod* spot dlmotors mm six powsr^ with s flsld of visv of epproxlsatsl^ 
1/50 sqMsrs osatlastsrs, ilthou^ s SMllsr flold of y1s« sould 00 1 hart 
bson aeoaptabls^ ^s rslatlralj saall objastlTa Mcnifleatloa of ths 
adlsrosoopo rostrletod tho aoeorasjr of Masuraoants of tho aiwdt spot 
diasotars to about plus or aliius 1/500 esatiasttra* This aseura^ liait- 
tatioa basaas slgalflsant only shan asasurlng 9p^t diaastars of tha erdsr 
of 1/50 eantlaatara or lass* Portuamtaly^ aaoda spot dlaastars of this 
aafuituds sara anoountarad only at tha aarr hii^sst spaads inrastifatad 
and than oaly oa tha soppar aaodas* 
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Thla Metloo of thio popor la doTotai to a diaaiiasion of tha atapa 
takan in tha ^tharljig of ^a axparlmeatal data* At approplata paiata 
In tha diaauaaloa» dataiXad daacrlptiona of tha aacaaaarsr prapaaratloaa 
prallnlnaxy ta tha nuu ara inalvdad aa ara aoq^lanatlona of tha apaaial 
praoanticma that aara ohaaraad dorliM^ ^a fatharlnf of tha asqHpriaaatal 
data* 

Aaoda tapa natarlal of aappar and alnainua mf out from ooa a arelally 
pnra nataXa aad fosaad into aontlnaoaa hoopa* Thaaa tieopa aara alx 
in#taa alda aod had an Izmar airoMifaranaa of 111* 537 laahaa« aorraapond* 
inf ta tha aaxlaun ontar dlaaatar of tha anoda idiaal* In ordar that 
tha tapaa night ba aacurataly aonatruetad^ a jig fhr holding tha ti^ 
natarlal dnrlAg layont ana built* Tha Jig aaauralj bald oaa and of tha 
tapa natarlal at a aariba Una ahila tha natarlal ana anroUad toaarda 
tha aaooad aeriba* Prior to cutting tha tapa at tha aaaond aarlba« a 
rallar ana paaaad oaar tha tapa ta inaura that tha tap# had not hunpad 
at paint bataaan tha tan aoriba linoa* Aftar aocumtaly naxidag 
tha tapa natal» tha aaotlon ana <mt fx«n tha roll tao Inohaa paat tha 

a 

aeriba lina* Tha tao additional inohaa af tha tapa natal aara than uaad 
aa n lap Jalnt to fbxn tha tapa into a oontltnoua hoop* Althot^ it ana 
inpraatiaal ta datamina tha anaet dianatar of 'Uia elraular hoopa thna 
oonatruetadj frani tha eleaa fit# abtalned, it aaa aatiaatad that tha 
naxlann daaiation of tha dianatar of any anode hoop« fron tha daairad 
dianatar af 35*500 in^iaa^ ana not nara than plua ar nlnua flra ona 
thottoandtha of an ineh. tha anda of tha alunlntn tapaa aara Jainad 



toc«th«r b7 fp0t wldluff of th» had baan aaauraly 

alaapad at iha aezlba sf xfc appraxiaataljr tm l&ohaa froai tha othar aad 
of tha tapa. taA Joint afa aaoarad by aaaaa of ^Lxty apot aalda* lo 
aaidaaaa of azgr taadaoay for tha Jalnta to fall dua to tha aaotrifucal 
or taafantlal foreaa daa^pad hgr aplmilnc tha tapaa aaantad on tiia anoda 
ahaaL aaa aotad* 

Tha aoppar tapa lap Jolata aara aada by aaaaa of lov aaltlnc point 
aoldarf aonalatlnf of fifty paraant tin and fifty paraant land. Tha 
lappad partlona of tha jalnt aara flrat olaaaad with dilnta hydro^iloria 

u.»u4«rm 

aold and th«k tinaad to Icaura a «»ifbn Joint. Aftar pxoparly lowatlag 
tha ralatiaa poaltlona af tha anda af tha aoppar tapaa^ thay aara dlaap* 

pUurSi 

ad into poaitlon and pla«a In a praaa* Tha Joint ana than haatad aboaa 
tha aaltlnf point of tha aoldar by aaaaa of bana<m bumara. Vhila tha 
aoldar aaa In tha liquid atata» tha lap Joint aaa anbjaatad ta a aanp- 



raaalaa praaanra of about 



■f^mr 



tona par aqnara foot. Thia aaapraafiat 



praoanra aq«iaaaad out tha anoaaa aeldar and Inaurad a vnifar flat Jalnt. 
Baary afibrt aaa nada to praaant tha faaa of tha ooppar anoda that aaa 
to ba axpeaad to tha ara froa bainf aaatad with aoldar* Boaaaary it 
fonadt that in ordar to inaura a tight Joint at tha odgoa of tho lap^ 
it aaa naaaaaazy to aactoad tha aeldar tinniRg eoat apprsxiaataly ana 
aii^t to ana quartar In^ paat tha adga of tha lap Jaint. Aa In tha 
aaa# af tha alaainan tapaa^ no fallmraa af tha lap Jalnta aara notad. 

In ordar to aount tha anoda tapaa an tha anoda ahaal» a Jig aaa 
aonatruatad that aonld hold Iho flaxlhlo moda tapaa la a alroular 
ab^po ahila thaaa t^>aa aara bdlng Jeekiad into poaitlon an tha anoda 
tdiaal* Thia Jig nay ba aaon in tha hmakground of Figaro 1 . 



Aftar tha tapaa aara aantarad on tha fhoa of tha «aoda fhaal thay 
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««r« looked Into pl«oo b/ forcing olmimaR ahlatSi^ thlrt/ thouoands of 
•n inch thi«k» tindor tho outer edfee of tbo tapoe. Tbo «aodo vhool im 
then rotated •lovlj', hand, and the dlatasee beteean the anode tape and 
the eathode earrlafe naa cheeked to Inaure that the anode tape eurfaee 
had no eeeentrieltj. Any eeemtricity noted eaa eorrected by the Ineert- 
ien of ahiai brace of the required thlckneee under aippropriate portlona 
of the anode tape. The preperation of the anode surface took four forae, 
uaaelyt- 

( a) «w A Halted waber ef mac eere aade on both elnaliaia end 

copper anode eurfaoet elth no epeelel preperation except 
to wipe off the curfete duet. 

(b) . A United afuaber of rune eere node on both eluelsun end oopper 

anodee after the eurfaoee hed besn rouehened ellghtly by 
roteting the eaede eurfaee efeinat a eteal wire bxwiri). 

( e) • A fee reae eere nede after the oepper oxide bad be«i re- 
noeed free the oopper anode eurfaoee hy neane of a dilate 
tqrdroehlerle acid bath. 

(d) . The najority ef the rane eere node after the anode eurfaeea 
had been aembbed eith carbon tetreehlorlde. Part of tNi 
runa outlined in (b) hhoee eere nede after the roui^eaed 
eurfaee hed been aleeaed eith earbon tetraohloride and the 
renal nder elthout thla eleaniim;. 

At this point it eheuld be noted that all the quantltatiee data pre- 
•ented in thia paper, axeept i^ere epeeifieally indicated, le baaed 
npon node eurfaeee prepared ae in (d) aboee. 

In order to eoneerra the erltieal anode neterial, idiile obtainlnf 
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th« l«r£« qiMntltj «f dat« requlr«d« th« 4d« inth widths of tbo snodo 
topss woro dlvldod into throe forts hj ooons of one quarter inch wulA- 
lag tspo* Zb aost eosos this Macing tope oeted os on insulating strip 
ond eousod the ore to extinguish os the are path eas drirM across 
the dividing strips. In o fee eases* partiottlarly for the higher 
▼slues of ore surrent and the leeer Yolues of aaode speed* it eas 
fowd that the ore oould not be aade to extinguish at this diwldii^ 
tope iBiless the width of the tope eas Inereased to about three quarters 
of an insh. 

The eothode isotorial IJiat eas eapleyed fbr the investlgatlens* 
eorered in this paper* was eoibon in all eases. This carbon was forc- 
ed into rods one quarter of ma iaeh in dianeter and approxinatslp 
eight Inehes lohg. The tips of the earbcMi rods were eat off pexpen* 
dieular to the sxlses of the reds. The oarben red was inserted into 
the brass reeeptisol «n the eothode oorriage* whsM it was htUdjia 
plane bft four thisib screws. This netbod of securing the sarbon rods — 
prereoted anr notion of the rod in its reeeptisol ond provided a 
pressure eontoet for the ere eurrent to poee fron the oethode reeept- 
ieal to the eoxben eothode. Prior to ti^teniag the thtasb eerewe on 
the eothode reeeptieel* the tip of the esrbon rod was placed one eighth . 
of on inch from the anode eurfoee. Thie adjuetnent was Inrariahlp 
•ads bgr asans of a ealibratsd wedge that had be«n built for the purpoae. 
At the eonelusloo ef nm this dlstenee was again aeasursd. If* 
due to tbs ▼aporiastion of the carbon or any other eause* the dlstanee 
between the snede surfaee sad the oathede tip had Increaeed by nore 
then five pereent during the eourae of a partieular zon* the date obtain- 
ed therefroe eas dissarded and the run repeated. Due to the relatively 
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hlfh nt« of covblnation of th» carboa with tha ox/gan of tha aurround- 
lug ataoapbarai particularly at tha hlgha* aro eurrcnta« tha dlaaatar 
of tha aathoda rod daoraasad appraoiablj la a vary abort tiaa* la tha 
Intraat of raprodueaabillty of raaalta^ tha aathoda dlaaatar aaa 
aaaaorad prior to and at the eoocluaion of each rua« It, during a run, 
it had dacroaaad by aa atach aa five pareant tha data aaa dlaeardad and 
tha run rapaatad with a ohortar total bumiat, tina for tha aro» time 
bringing tha aathoda dleaatar change to within tha aaxlBw aceaptabla 
ralua* 

After preparing tha aaoda tape aurfaaa and properly poeltlonlng 
tha earbon aathoda rod, tha ea^oda carriage waa eonnaetad to tho 
earriago drlro puUay wlro axid tha high ^po^d notion pieioro eaaara 
waa foeusodf if it wtro to bo aaployod for that partieular run* Tho 
anodo whoal driwo motor was thoo turned oa and tha anoda whoal alowly 
brought up to apood by aoano of tho wariablo aorloe reaiator oonnaetod 
in its araaturo eircoit. Tho aaodo whoal apoad waa eoatinaoualy 
datarainad by aaaaa af tha atrobaacopa* Thin atrobaaoop# had bata 
aallbratad wi^ tha aid of a osmcdironoua motor* Boocnoo tho atroba- 
■oopo'a mlttloiMi flaahing rata waa approxiaatoly aight himdrod par 
alnuta and baoauao ^a aocuraoy of ito latomal aealo iiMroaaod flwa 
aiaoty eight poreont^at tho lower repotltioa ratoo» to bettor than 
nlaaty nine and one half paroont at tha hlghar Yalaaa of aoalo oo^$^ 
lag» tho anodo wheal apaad waa aaaaurad by eaaaiag tha atrobaaaopa to 
flaah at aix tlmaa tha angular apaad of tho anode ibool* Thio aothod 
of dotaraining tho anodo wheel apood poralttod uaing the atrobasoopo 
to aoaeuro whoal apaada from approaimataly cmm hundred fifty rawolut- 
Iona par ainuto# with orrora of loaa than two paroont* 
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then th« anode abael iMd bean ateadiad at tba daairad apaed, tha 
aalding ganarator, aaad aa tha are eiirrant aource, aaa tumad oa and 
alloaad to nm for a abort tlaa to paralt it to raaah ita aaxiaaa 
rotational apacd. Tha recording roltaatar and aaaatar* after being 
aat for their aoximw apa'id of paper traral ( taalva Inehaa par ainuta) $ 
aara than tamed on, Tha Icnlfa avitch aonnactlag the the welding 
generator to the anode md aathode wiring eircuita waa than elaaad. 

Tha aontrol line to l^a arc atarting aaahaniaa waa than aanipulatad 
ao aa to awing tha aarbon aborting rod up into paaltion to abort tha 
air gap batwaen tha noTing anode tape aMI tha cathode alaetroda* Aftar 
nanantarily aborting the anoda to tha aathaday tha arc atarting control 
line waa ralaaaad and tha windage fron tha anoda 'i^aal eauaad tha 
idiortlng aazbon to owing alaar af tha are. 

If high apaed phatograpba ware to be takan^ tha eaxara awiteh waa 
than olooad. Tha am waa allowed to burh for approxiaataly three 
•aoonda idilla holding tha aathode earriaga otati<^«zy. This abort 
tlwa delay pamittad tha hi|^ ape d emurm to begin to approach ito 
■axiaiM apaed and furtbarf pamittad tha welding ganarater to attaopt 
to aattla dom under tha auddanly applied load. Aftar thla short tine 
delay tha aathode driwa aator waa turned on causing tha arc to traaa 
aut a hallaal pa^ on tha anoda. Daring tha Initial preparation for 
tha raa, tha wariabla aariaa raaiator in tha amatura cirouit of tha 
aathode driwa wotor» waa sat to give thla halaaal path a plteh of about 
oM half inch. Whan tha eathoda traaad ita path owar tha anoda inaulat- 
ing stripe or idian tha eathoda trawalad beyond tha faea of tha anada 
ahaalf tha arc would autonatieally Itsalf. Aa tha aathode aarriaga 
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■OT»d furthar dom Its guidss. It sou d first trip ths knife veiteh 

1m the eethode drive eotor oircult end then ewage the eaa that eould 

dleeonaeet the eerrlege drive pitllsgr sirs froM the dnrriage* The epp- 

rexlMste tine that the ero eould bum during nay one run varied froa 

f e u » to eight seeonde depending upon the aaount of tine that tiie oath* 

od« vaa alloeed to renalB atationazy and the speed of the eathode 

earriafe. iMeediateljr after the aro eJctlMgxtiahed* the anode liieel 

speed eea again seaeurad to insure that It bad not varlad daring the 

run. The uro euTrent generator eaa then abut doen» the reeording 

aetere atopped and the dissipative lead resistor^ in the ematore 

elreuit ef the anode aoter, eaa eoaneeted to aet as a djneale braks 

WA*i» 

to stop ths anode ebsel* ehsn tbs anode whs 1 stepped, the anode tape 
eaa shewed for •sy possible looniess that alght have developed during 
the run, the eondltioa of ths lap joint was inspeetad aad tha oathode 
diameter and tha dlatanee bateeen the anode surface aad oathode tip 
aearared* 

Ifter ottttlng the anode tape froa ^e anode eheel, it was nuabered 
fer pealtlva future Idwitlfleetioa by aeans of aetal nuabering punehee. 
The surface of the anode tape was than divided iato ten inch lengths* 

The eleven inehea ef anode tape stnddling the lap jolt vae excluded 
froa thia division* Ths total mtabar ef anode spot# foraed la each roe 
of ee^ tan inch teetlorj|Uaa counted and divided hgr ten to obtain the 
nuaber of apots formed per inch* Thm nuaber of epots per in(A, eal* 
eulated fsr each taa inch roe, was then eonpared with tha average 
value obtained from a eonalderation of all tha ten inch rove* The 
values from those ten ineh roes that differed fttai thia average 
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b7 Bor* than flTe parannt «aro disMird«d and a naw areraga eelaolatad* 
This a^laatlTa aTaraging aaa naoaaaarjr haeausa of tao oondltloaa account^ 
arad during tha eouraa of aa^ run. Firat, ahaa atrlking tha are and 
for about thraa aaaonda aftar ignltio% tha oatitoda aaaMbljr «sa hald 
atatlonarj. Tha burinlng af tha arc during thia pariod rapidly 
eoatad a narrow band of tha aaada aurfhea with a haawy dapoalt of 
earbon* Aftar pitting tha aathoda aaaaahly la notion tha Bunbar af anada 
apota faznad par inah aaa about tan paraaat hlghar than tha awaraga 
walua far tha run, Thla variation In tha nuabar af apota famad par 
Inab daarAaaad until tha ataady atata aalua waa raaahad aftar tha 
aathada had nowad appraxlnataly ona half ineh paat that portian ef tha 
anoda ahleh bad baaeaa aoatad with tha haawy d^joalta af carbon. 

Saeondf Aa tha aathada tip aroaaad owar the Inaulating tap^^oaad to 
diwlda tha anoda into aaotlons, inataad of ^a art octingulablng 
inaadlatalyi tha ara would aontlpua to hum natU tha trailing adga 
af ^a eathoda had nawad about ona alghth of an Inah paattiia eowarad 
portion of tha anoda* During thia brlaf parlad, tha nunbar of apota 
fomad par inah would rapidly daeraaaa to a walua batwaae twalwa and 
two pareant of tha ataady atata walua without any appraciabla ahnnga 
la tha raeordad walua of tha are currant* Thia laat ^anonana waa 
alao obaarwad ta oeeur ahan tha eathoda tip nowad bayon^iha faea of 
tha anoda aurfaoa* 

Aftar tha awaraga walua of 'apota par laoh* had baan datamlnad^ 
tha najar and nlnor axiaaa of tha Indlwlduol apota were naaaurad In 
tha two tan inah rowa of apota ahoaa walua of 'apota par inch' noat 
eloaaly approaehad tha awaraga walua of tha ealeulatad 'apota par Inah' 
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for th« «Dtlr* tap«. Th« spot Mjor aad Minor dioMtora «tr« Masurod 
by aaano of a oaXlbratad aoala inttallad la tba ayap4ooa of a «iero- 
aaopa. Tha avaraga araa of tha apota faraai during aaah nu aaa thaa 
datamlaad by aaaaaiag that tba i^ta aara allipt4cal la ahapa. Figoraa 
4. through 10. aboa tha aiaroaeopa oallbratad eeala auparlapoaad oo 
anlargad i^iotograi^a of tha alxaiiaua and aappar anoda apota. facdi 
Major aubdialaioM of tha aaala rapraaanta a aaaauran«it of oaa alxth 
of a MlUiaatary ahila aaah Minor aubdiviaion vapraaadta a Maamranant 
af IA 20 MiUiaatar. Ta faellitata tha aaaaaxtaiant of tha apot dlanataraf 
tha haaay dapoalta of eoppar oxida aurroundlag tha apota faraad on tha 
aoppar tiq>aa aara firat naaoaad by aaana of a dlluta hydroahlorle 
aald bath. Baoauaa of tha difficulty af ranoaing tha alcBRlnuM oxida 
froa around tha aluMinua apata« thaaa apota aara plaaad undar 
nlaroaaopa fbr axaaination and apot diaaatar aaaauraaont juat aa thay 
aana froa tha taat apparatua. 

laah ralua of * apota par lneh% ahoan oa tha grapha in thia pi^r» 
rapraaant tha avaraga abtalnad bf oounting four to fiva thauaand apota 
par ran. laah valua of * anoda i^)ot araa* » id»a oo ^aaa graidia» aaa 
abtatead by Maaauring tha Major and Minor diaMatara of approxinatalj 
tao faundrad apota for aa(^ run. Tha auMbar of runa aaad to dataoealna 
tba eurvaa plottad an tha grapha la tabulatad in Tabla I« Again it la 
aaphaalaad that tha eurvaa vara aonatruetad froM data obtalnad using 
anoda aurfaaaa abas a anly praparatloa aaa a through elaaning aith a 
odxbon tatraahlorlda aarubblng. fhara praaantad^ aurvaa obtalnad 
by using anodas aurfaeaa dif "arant froa abova • tha aurvaa ara ao 
labalad. 
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Th« dlscuMion 1b thi» ■•otioa will wowwr gwnwral fladlnca of 
tho wcpwrlaMtal InTMtlfBtloao. Zb pftrtleuliir> th« fellowlBg aubjMta 
will bo eovorod 1 b tbo ordor lx41eat«di- 

( •) • Aro ]Mr«Botoro eontrollod, with wpoeiflo ottoatlon to tho 

dotollo and Bothodo oaplo/od in oentxolllaf thoao paroBoter*. 
(b) . Tho dotoiBlsatloa of tho rwriatlen, with arw warrant and 
dlootrodo apoodf of tho are potoatlal drop* 

( o) • Tbo oKlotaoeo of a alnlauB or ' tbrairiMld' eurrant whooo walao 
la dopoadant upon tho anodo Batorlal« tho aaodo i^oad and tho 
aaodo aarfaoo oooditlon* 

(d). Tho fonoraX pppoaroneo of tho aaodo apot traeo, with opoelflo 
attontion ta tha two Bojor typoa of warlotloBa||bhat oteor to 
dlampt tho tho ofpooraneo of tho noraolly unlfom^ rogular 
opot traeo. 

(o)* A dliouaaloB of tho gn^a obtalnad by plottlag tha aabar 

of aaoda apota foraod par laA of anoda aurfaea aad tho gT^)ha 
obtolaod by plotting tho nwabor of aaodo opota foraod par 

ooomd. 

( f) • A dooerlptloa of tho appoaroBoo of dich aaodo opota a wlawod 

throoi^ a aleroacopo with tha dlffaraoooa batwoan tha appoaiv 
«aeao of tha alonlnua anedw apota aad tha ooppar anoda apota* 

(g) . A daaailptloB of tho aothod «awd to dotoraiao tho anodo opot 

arooo and a dlsauaalon of tho grapfaa obtainod by plotting tha 
anoda apot aroaa* 
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(h)» A dlseuaslon of tho •ignlfloaneo of tb* graph* ahoaing tha 
affront aorrant daaaltiaa. 

( 1) • A dif ouaaion of tha naltad aaoda araa obtainad par unit tlJM. 
(j)» A diaauaaion of tha apparaat aurfaaa aalting afflolaocy of 
tha aro« 

Thia aaatlon aiXl ba oonaludad alth a auaaarjr of tha aora aignif- 
leant polnta harein aoTarad la datall* 

At prarloaalT aaotlooad* tha high eurrant, high apatd alaotrada^ 
dlraet currant ara la partleolarlj aall aoltad to tha stud/ of ;^Mnoa* 
aaa oocuring at tha anoda of tha are* Thla papar» tbarafotraf la rastrlot- 
ad to a dlseuaalon of eartaln phanoaana oocuring at tha anoda. 

ARC PARAXSTERS 

During tha oouraa af tha inraatlgatioa baralo raportad, tha folio*- 
log are paraaatara *ara aentrolladt- 

(a) . CAIHOIHE MATERIAL Caxhon aathodaa *ara uaad axeluaivalp 

throughout tha aariaa of axparlaanta^ They aura aada In tha 
fbn an 1/4 Ineb dlanatar roda^ eight Inahaa long. Tha oath- 
o4a xoda *ara are oarbo&a nazmfaeturad tqr tha National Carbon 
Oonpa^r of Clatalaad and San Frmolaoo. 

(b) . ANOOr MATERIAL Conaaralally pura» oold roUad« eoppar 

and alunlnun atripa« aix inahaa tide and 0.090 In^aa thlak 
*ara uaad. Tha aurfaaa of tha anoda natala uaa uaually alaanad 
by aarubbing vith oarbon tatraahlorida» although a few vara 
not aa alaanad. A United znaibar af runa vara aada vith 
tha aurfaaa oxide af tha eoppar anoda ranotvd by ualag a 
dilute bydroohloria aaid amah. A few ruaa vara nada vith the 
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anod« surfaea roughanad alightly by rotating tha an^a afainat 
a atael aira brush. Half of thaaa Xattar tapaa aara aubaaq[uantly 
alaanad alth aarbon tatradilorlda tad t)M raaaiiidar aara not. 

Tha data praaaatad la this ]»apar la baaad i^ian aKparlaanta 
oonduetad using elaanad unrcaighanad «aoda aurfasaa. Rhara tha 
uaa of anelaanad or roughaaad anoda aurfaoaa produead alga- 
Ifleaatlj dlffamt ii^anoaana that fast la no tad la tha dla- 
ousaloa. 

(a). AHODH SPE ’D Spaada fro« 1»0CX> to 10,000 fast par alnuta aara 
amployad alth tha aaphaala plaoad on tha apaad raaga froa 
3,000 to 8,000 fast par alnuta. 

(d). OATROZK SPEEDS Spaada fToa fiaa to fifty fast par alnuta 

aara usad. It should ba notad that tha ralatlaa spaed bataaan 
tha anoda and tha sathoda la tha aariabla plottad In Plguras 
11. through 37. Haaavar, baeauaa tha eathoda spaed aarar 
axoaadad thraa paroaat of tha anoda spaad. It la felt that 
no appraoiabla dlffaranoaa In tha othar naawired variablas 
ueuld hava baan dataotabla had ^a antlra ralatlua apaad baan 
prodttoad aolay by uotloa af tha anoda. 

( a) • AlODt: - CATHODE jH^PStATIOH For all runa aonduotad during 
thla inuaatlgatlon tdia dlaotroda aaparatlaa uaa aat at l/B 
inch and ualatalnad vlth^ flea paraaat af this ualus. It 
UM dSMsd adulsabla to aalntaln this toloraaaa baoausa af 
tha uurlatloa, with alaatroda saparetion, of tha nasibar of 
anoda apota foruad par In^, notad by ^olnlk 1 q hla raport 
af Invaatlgatlana eonduatad at lewar anoda apaada. 
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(f)« ARC OlfRHMT Th« aontrol «f th« aro earront 00I7 roachlj 
pr«dletabl« «h«n th« ooirwat oontrelt of Goaonl Elootrlo, 

300 ttoporo woldiRf gmorator, ut«d •• th« are oiurrwit powar 
auppXjTf aara acplo3r«4* XamaXlyf tha are eurract aaa froa 
taantj flra ta ana .hnmdrad aaparaa laaa than tha aalva aat on 
tha oontrola. Thia rariatioo appeared to ha dapaadant apoa 
^a aafnltudia af tha are earraat, tha aaoda apaad and tha 
oooditlon af tha aurfaaa of anode. In alaa of tha aatnai- 
alor abort tlaa that tha are could bo alloaad to naaln bam* 

Ingf it aaa d aa a ad lapraotiaal to attaapt to adjuat tha are 
aunwit to aa axaat valaa. Haaavart at aU tlaa a tha Satarlina* 
Angua raaordlag aaaatar aaa aaad to aaka a paraaaant raoord 
of tha are earrwt. 

(i). ATlOSPiaRIC RGVIom Bataaaa of tha aarlation, alth at«>- 
ajdiario baaidityf of tha fro aoltagaf for ooaatant aalaaa af 
are aurr«tt, reported by Skolalk^'^^ aixpariaanial data aaa 
gatharad only tha aoiatura aantmt af tha aarrotandlng 
ataosphara approa<d)ad 7.56 graina par aublo foot of air. Thia 
■aiatara aontant oorraapoada approxiaataly to a ralatira 
laaU.di'^ of aifhty paraant at a taapartura of 75 ** P. 

Praqaaatly tha raqairad aoiatara acmtant of tha air im '^a 
zoeftiooaitaizdng tha «q)arl»antal apparatua aoald ba raiaad 
to ^a daalrad ralua hy tha oaa of haatad araporating traya. 

Va paana aare arallabla far daeraaalng tha aoiatura aantant of 
tha air axeapt ta aalt for a ahanga of aaatiiar. 
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ARC POtlHTIAI, DROP 

( a) • INrthod of lUMsurHioot 

OoomMo of tit* high apood of tho aaodo^ it wn» lapnaotloablo 

to attoapt to tottch tha aathoda tip aod tha portion of tha anoda aurfaaa 

diraetlj imder thla tip with prohaa aldla tha aro ana bamiaf. Baaaoaa 

tha praainea af probaa in tha aro oolara itaaXf aauld diaturb tha ooraMl 
. . 23 

oparation gaid baeauaa of tba xmeartalntjr of tha aocaet loaation af 

tha anoda and of tha tha floating probe aathodjodT 

af naaaarlag tha are potantial drop aaa alaa diaoardad aa not faaaabla. 

Aa a praetiaabla nathod of obtaining roui^ aalwaa af tha ara potantial 

dsopf fbr tha aariona anoda apaada and gre oarranta^ ^a raoording 

aoltaatar naa eocnaotad acioaa tha aathoda raeaptiml and tha anada 

brush zdggiiig* Tha ^Mie raaiatanaa af tba «aoda abael and axis bataaan 

tha saotlon of tha anada undar tha aathoda tip and Um anoda aaaanbljr 

slip ringa nas naaanrad. Tha potMtlal drop tba aathodSf fran ita 

raoaptiaal to its tip» ana alao naaanrad for varioua valuaa of aorrant. 

2L 

Tha brush aentaot potential drop aaa aaauaad to ba 1*3 aolta \ 

(b) . Plot of tha ara potential drop 

After aorraatlng tha naaanrad aalna of tha potantial drop 
bataaan tha aathoda raoaptiaal and tha anoda bratk rigging, for tha 
aaleulatad aaluaa af the 'IR* drop in tha anoda ahaal aaaanblj and tha 
aathada alactroda and after asking tha aatinatad eorraetlan for brush 
drop, tha anriatloa, alth aro aarrant, af Uia patantial drop af tha 
ara ana platted in Tlgura 11, fbr aarloua aaluaa af anada spaad. In 
this adaittadljr rou|^ aatinaia, there la no diseamahla diffaranaa 
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in th« aro potaatlal drop VMaurad for th« tao anods Mtala (eoppar 
•ad •lunimn) wi*d in th««« «xp«ria«Bt«« This raault diff«m fron 
that ifeoan hjr Sp««n*^ for atationazr bara alaatrodaa of th# aaaa aotaXa* 
SpMfi indleataa a dlffaraaea la ara potaatial dt«p of approxiaataljr 
thraa parOMt far ^a araa bataaao atati<»aai 7 alaainua olaatradaa 
and atationaxy aoppar alaatrodaa. Baoauaa of tha aneartinatf in tha 
aotual valua af iha ax»da aaaanhlx bxuah patantlal drop and tha vaaaoid* 
abla luaacuraelaa latroducad la tha oaloolation of tha haatad caUioda 
potantlal drop, tl^a auUior aatiaataa that tha ara patantlal dropa notad 
on Flgura U. nay ha la arrar hjr aa nu<di aa flva parcant. Tharafora if 
a Tarlatica af tha aana ordar aa found by Spaim far tha oaaa of tha 
atatianaxy olaatrodaa alao «Klata In tha high alaotroda spaad ara* this 
▼ariation aould aaally ha aaahad hy laaaauraaiaa of tha patantlal 
drop dataxninatlon. 

(o) Effaeta of aurfaea ocaiditlon of tha utoda 

It la to ba notad that tha data ahom In Ficnra 11« ana obtain- 
ad vlth alaan unrou^aoad anoda anrfaoaa. Hoavror* a alight rougfaanlng 
of tha aaoda aurfaaa hy naana af a ataal alra brush had no notleaabla 
affaot on tha aro potantlal drop* idiara&a* tha praaanta of aurfaea dirt* 
haairy aaatinc of tha anoda natal oxida* or aaxhon dapoalta* an tha 
anoda aurfaea appaarad to eauaa a daeraaaa in tha aro potantlal drop 
of tha orddr of ona to too parcant. Beeauaa of tha diffiaultiaa 
aneoimtarad in txying to craata tmifomly dirty or unlfoxnly ooatad 
anoda aurfaeaa* raprodxiaabla raaulta uara not obtainabla. 



TRiaSROLD OCR^asrP 

(ft) PrftTiou* invftstlgfttionc 

Prtrioia* InrMtlgfttora of tho high current high olftotrod* ftpMd 
arc had dlMorercd that for each valuo of snods « cathodo Mporatlon« 
aaodft »po«d and alaotrsda aatarial^ ^ara appaarod to ha a nlntgraai ar 
'thraahold* ralua of are currant dapaiidaat on tha Tarlablas BaatloBad 
abava. Far ourraat raluea balow thla 'thraabold* 'tea aro althar oould 
aot ba iipoltad or aaa not atabla* 

(b). ‘*athoda for datarainlng tha ’l^raahold eurrant’ 

g 11 

At the aaggaatien af Jonas * tha a«UK>r attaaptad to ast«bli^ 
axaat raluaa of ^la *thraalu>Xd' eurrant for tha ranga of apaads harain 
aaployad and for an alaetcoda saparatioa of ana aighth of an Inch. It 
«aa datamlnad ^at tha ' threshold' ealua of tba aro eurratit» for ang^ 
Talua af anoda apaad, aould ba loeatad by thraa nathoda. 

(1) « Tbla 'tbraahaid' valua eoeld ba found by datazalnlag tha 
sinlira oorrant raqulrad to Ignlta a atabla aro by fld»rting tha 
anoda to tha aathoda «nd than ranoving tha ahortlag Inatrunant 
fraa tha ricinity of tha aro nhlla tha anode eaa traYallng at 

a oonatant spaad. 

(2) . Tha 'thraabold' ralua oonld also ba dataznlcad by balding tha 
anoda spaad oonatant and daeraealng tha are eurrent gradually ai^ 
noting Um Tnlua of aae aurrant Uhan tiia are arUnguiahad* 

(3) . Tha third aathod nan to hold tha are eurrant eonstant and 
Ineraasa tha «aoda apaad until tha are axtingalehad. 

All thraa aathods aara used to locate tha 'thraabold* eurrant 
value for carr»ta up to t«) hundrda «aparaa. lathods (2) and (3) i^va 
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ld«ntl<Ml irtxU* B«thod (1) umalljr gava raluM of throo to 

firm aaporoo loos. For ourronto aboTo too hundrod a»p«r«a» boeaiifo 
of tho ralatlToIj alow aoeolaratlon of tho hatvj aaoda whoal and booauaa 
of tho laoraaaa* with tlao» In tho dlatanea batwoao tho aathodo tl]» and 
th# aaoda aurfaea^ daa to tha thamal raaatlona at the eathoda* it 
aaa iapoaalU .0 to raa^ tha aaoda apaad nacaaaax/ far axtlacoiahlng 
tba arc bafiora tha alaatroda aaparatlon had laoraaaad to an anaaoaptabla 
walna* Tharafora, for aro aurranta abofa %wa teaidrad anparaa* tha 
•athoda (1) and (2) wara uaad to dataraiaa tha walua of *thraidiold' 
earrantt In tha oaaa of dlaagraoiant batwaan tha walnaa obtalaad bf 
aalng thaaa two aatboda^ tha valva pbtaiaad bf ^a procaadura of 
radualng thm are aurrant waa aeeaptad aa tha aora aocnrata* 

(a) . Flot of 'thra ahold* aurrant for alaalnwa aaoda 

Figera 3L2« la a plot of the wariatlona al^ aaoda apaad^ of 
th# alnlwa or *thrairiiold* aurrant for alxaidnoa and oeppar anodaa. 

It la to ba noted that tha *thraahold* walwa for tha JQ-aalmm aaoda 
la graatlj affaatad bgr Uia aurfaoa oondltlon* Tha lower ourra waa 
obtained bgr aalng tha oIubIimb t^ Jnat aa atg^pdlad bjr tha rolling 
ttlU« OKoapt that it wm wlpad with a elaan dxy eloth bafora aaeh run. 
This alplng of aauraa did not raaoTo tha awar praaant aarfaea coating 
of aluBlaea aKida» nor did It appraalablF dlataxb tha thin graaaa 
aaatlng plaaad on tha aarfaea daring tha rolling operation*, Tha 
appar eurwa of 'threshold* earraat waa obtalaad oaljr after tha aurfaaa 
dirt had bean raaorad froa tba alvailnaa anode bj aarubblng with oaxban 
tatraohlorlda* Thla alaanlng did net rwowa tha almlnan oxide eoatlag 
froa tha azx>da» bat it waa aa affaotlwa aathod of raaawlBg tha graaaa 
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froa th« surfaca of tho axiodo* ThoM Xm eurveo g^vo a elua aa to ahy 

aa apparantljr ateUa are of throe to flTo aaparoa looo than tho 'throo* 

hold* eurrant oonld bo initlatod by aborting tho aaodo to tho oatfaodo 

by a carbon aborting n>d« It appoaro probable that tho rubbing of tko 

aborting rod agalnat tho noving aaodo could grind of** oooo of thlo 

eorbon aborting rod and if tha oorbon duat aottlod on tha anoda» it 

aovld nakt tho onodo appaor slightly * dirty* ^ eonsoquantly tho nlniana 

or *throabold* ourront thna dotoxainod oould toad to opprooeh tho 

tbIuo ahonn on tha lovor of tho eurroa* Both ounroa for ^o alnolsnn 

aaodo appoor to approach aaynptotlaally to a ooaatant ninlaun *throil»ld* 

currant of about fbrty anperoa far anodo opaoda bolov l^OCX) fast par 

ninutoy ihilo for anodo apooda aboTS 3>000 foot por ninuto tho *throo- 

hold* oorront inon o oa o o linoorly oith anodo apoed* In tho linoor 

portion of tho eurroo tho olopo of tho *throohold* curront for tho 

oloonod olunimai aaodo is throo and ono half tinoa ^o alopo of tho 

eunro for tho * dirty* olnoinun onodo. 

(d). Plot of*throi^ld* curront Ibr eoppor anodo 

Por ooppor anodoo tho nduo of tho #lnlaun or * throohold* 

ourront did not appoar to bo dopoadont upon tho condition of tho aaodo 

aurfaoo. A aiaglo anoo^ eur?o bdiag obtainod froa points aooaurad 

nsiag both typos of aorf oeoo ( la. elaeaod and unoloanad) • At tha 

lovar Taluoa of aioodo apaada tha *thraahold* ralno of are eurrant 

aayaptotieally ai^roae^oa a nlniaw rmlua of about eighty oaporoa. 

This Tolno agrooo fairly vail oith tho raluo obtainod by KouooahoTon» 

17 

Jonoa and tlat , tho higher rolnoo of onodo opo* d tho ninlnuo oaluo 
far tha are currant inerdaaao llnaarly with aaoda spaad. Tha alopo of 



th« eurT« of th« 'thrashold' ourront , for tha eoppar «nod4» !• 
th«i that far tha elaau altalBau anoda, bat it la graatar than that 
for tha 'dirty* altMiimw anoda* 
iUlQDC SPOT TRACS ARPEARAICS 

(a)« Gasaral appaaranca of tha low spaai aaoda opot traea 

Flfora 13. akowa a typical vlaw of tha ax»da apota raaordad 
on a aoppar tapa by a atabla are and la rapraaantitira of tha aaada 
apat tracaa obtained at tha lowar waluaa ot are currant and oiaoda 
apaada up to about 4*090 faat par ainuta. It ia to ba noted that tha 
diatdoaa batwaan apota* in tha dixaotlon of tha traoa of tha ralatiwa 
notion batwaan tha anoda and aathoddy ara fairly oniforn* Tha ganaral 
appaaranaa of tha alunlsMO anoda tapaa ara vary aJjdJLar, axoept for 
tha aaall dlffenmaaa in apat aaparation wad tha dlffaraneaa in tha 
apat alia* Howavar^ aa indieatad latar^ nlcroacopio Mcaninatloa of 
tha individual apota ahow aignlfieaat diffaranMa in tha appaaranaa of 
thaaa individual apota. 

(h) • 'Maltlpla* apot traea 

Under aartaln oonditiona of anoda apaad and arc currant^ 
tha oaiforaity of tha appaaranea af the apot trace waa diaturhad in 
in two different waya* tha flrat af whiah ia diaeuaaad herein. 

Aa tha apaad of tha anoda woe ineraasad above 3*500 to4*000 

faat par nlauta* or whwi tha arc currant waa inoraaaad above about 

thxaa hundred oaparacy tha ganaral appaaranca af tha traea af tha apota 
copper 

on tha/anoda tmdaniaat a gradual change. Figuraa 13* 14 and 15 illuativ 
ate thla change. 

Figure 13. (diowa that tha afd current at the anoda probably saved 
in a regular 'valklng* aaanar alang tha anoda aurfaoa. Tha high apaad 
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■otlon pietursa of tha arc, takaa aarliar Inaaatlgatora * * ' ^ 
iriioaad thaty at tha SMllar aaluaa of a 2 »da apa«tl« tha ara euzraQt at 
tha asioda apot aotalllj aalkad from oaa point to tha naxt^ with tha aro 
axtincttiahinc at tha first point sinultanaously aith Its Ifnltloa at 
tha nast paint. Flgara 14. shows a faw spot *doahXats* wlik ^alr 
wnman «cis orlwitad transwarsa to tha dlraetlon af aotlon of tha 
anoda. Tha quastlon^ naturaljt arlsas| wara thaaa spota foriad bgr tha 

aro *aalklnc' sldawards» or did tha are stroM split and slawltanaoualy 

/ 

anchor at two distinct fx>lnts7 Pifora 15. shows tha appaaranoa 

of tha anoda spot traoa undar thoaa conditions of aro currant and 
anoda spaads whan tha anoda apot traea was ooaposad alaost antlralj 
of spat *dottblats* and 'triplets' orlantad with thalr ooaaon axis 
transwarsa to tha dlraetlon of tmwal of tha anoda. 

Baaausa of tha Irracalarlt/ amt tha hl|^ foraatlon fraquaDCX of 
thaaa spots on tlia eoppar anodes It was laposslbla to dlrsotly wsrlfy 
or dlspRiwa tha slsnltanaous axlstanea of 'aultlpla' anoda spotSf althar 
by aaans af hi|^ spaad idiatocraphs or oselUadraph studlas. 

Tha Hmltlpla' spots first rriiowad up an tha copper anod^ as oeeaslos^ 
al> raaceorlng doublets orlantad traaswaraa to tha arc track. As tha 
arc currant and tha spaad of tha copper anoda was Ineraasady sera and 
Bora doublets appeared awosf tha closalj spaced anoda spots. At still 
higher waluas of anoda speeds and ara ourrant^ oteaaianal spot 'triplets' 
wara dataetabla. At the wary high waluas of aro cur ant and aneda 
spaadSy fraqtMnt rows of four and flwa apota« wli4 thalr aoaaan axla 
transrarsa ia tha dlraotion af trawa^ of tha anode were dataetabla. 

Thla fact aaawa to be aufflclant avldanea to Jtistlfy tha aasun^ttlan 
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that »or« than en« anode epot could be foraed at a given inataat. At 
a later point In thla diseuaoion additional reasoaa will be advaneeito 
support the authors opinion that these 'mltlple* anoda spats sere 
probably fbned by the are atreaa splitting and siaultanaottsly Anchor* 
ing at tao or nore distinct spots and ears not foraed by the are strssa 
'aslklng* sidsmrds* 

la ths rorrsnt a^d spesd range iaTestlgatsd, it ass only raxaly 
that ths aluainea enodes aheaed My erldenees of wiltlple spots. 

These ’aultlple* spots on ths alunlnusi anodes oocxirsd as ene doublet 
pair aaong several thousac^s of distinct sspsrats spots. 

(o). Sinusoidal variations in ths recorded snods track 

Ths second distixrbsnes la ths regular unifom appearance of the 
anode epot trace todc the fbllosing fern. Prequmtly the^anode ;iapot 
traea aould naka latarial deviations fraa ths tzios lint. These lat- 
eral dsvlstlons ajuld occasionally taka on a regular pat tarn far abort 
portions of ths anode spot track. Thass davlattenaf whan oeourlng, 
appaarsd to be roughly alnusoidal. A oloaa inspsdtloa of tha nature 
of these brief axeurslons shoved that thay usually appeared to be 
fbrned by the anode epot attenptleg to sttperinpesa an angular vnloelty 
of approxlnataly 2$00 rovotutioaa per aeeond on the linear velocity 
produced by the notion of the anede. In m attenpt to find a rsaaoo 
for these deviatiens, it n^s found that ths valdlag genarator^ used 
aa a aouree for tha arc currant, had an a.o. <K»ponent superlspeaad 
OB the d.e. output voltage. The nessured frequency of this a.o. 
eonponsnt vaa 2350 eyelav per second and its anplituds vas approxln* 
ataly tvo percent of ths d.e. output voltage of ths nsohlns. There 
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w«r« DO other e.o. froqueneloa of tlfniflcaat MpUtudo dotectod In 
tho oetpat of tho voiding gonontor. 

Booauso of tho eleoo oorroiotion botvoon tho froquoaey of tho 
o.o. eooponoDt of tho oro eurront gooorator output and tho apparont 
doviatloa frotiaoaoy of tho anodo opoto froo tholr voaa traeo Xlno» it 
aj»poaro foaalblo to pootulato that thooo oxouralono voz^ eauood bf 
ooao tjrpo of ootor aotion botvoon tho aro ji^ama and tho a«e* ooaponont 
of t^o aagiiotlo flold oroatod bgr tho a«o* ourronto that flov In tho 
anodo tapo« In particular^ tho i^paroat rotational rato of tho anodo 
opot troeo appooro to indiaato that tho are plaana night ba approaob* 
ing tho rototionol rato of tho amaturo of an idaal^ oinglo phoo^ 
oynohoroua notor or that of a vary lov loot induction notor* 

At tho hiidioot anodo opoodo* beeauoo of tho oproront tondonej 
of tho are to fore 'nultiplo* opoto* any ainuooldal variationa of tho 
anodo traeo that nif^t hava oxloted voro partially obocurod by tho 
oxiotaneo of thoao 'nultipla* apota. At tho lovoot valuoo of anodo 
opood InTootifotod there voro on inoaffiolont nuobor of anode opoto 
foxnod during tho period of one oyclo of tho o«c. ooaponont of tho 
oro current gonorator output fbr those lateral dovoatlono to appoor 
to fbllov a ragular pattoni* 

Tho fomation froquoney of ^o aluninun anodo opoto vao ouffioiontly 
lover than that obtained on tho ooppor onodoo* and the arorogo diaaotar 
of tho anodo opoto vao oo nueb lorgor than thoao on tho ooppor tapoo 
that any oridoncoa of tho lateral dorlationa that night have axiatod in 
tho rooorddd anode track on tho alwiaun anode voro obocurod by thooo 
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KUiaSR or AXODS SPOTS TOUMD PIR IRSH 

ricBTiM 16* and 17* , far aluiiiiHB aad ooppar rMpaetlvaly, chew 
til* with *ro eurmt^ in th* nuabar *f aood* tpats foiMd 

p*r Ineh «t ▼avion* Yalu** »f aiiod* *p**4. Fisor** IS* anl 19* *r* 

* raplot *f th* infoimitloa «*lnf anod* ap**d a* th* indapaodant 
▼arlabla «ad tha total are aurrent as th* paraaatar* Flpira X6* ^a** 
that for th* alnaln** aaod*, th* BMnbar of opot* for**d par ln*h in«r*as- 
a* aith ara ourraat aod far a rItm are eurraat, a doaroaaa in tha inaabar 
of apeta fonad par inah aan bo obtainad by m Ineraaaa in anod* apaad* 

On tha athar hanSt Fifar* 17* ahoaa^ that for tho ooppmr i^do^ ihila 

m 

tho naabar of apot* foxsod par inah alao ineraaeaa aith inaraaainf 
ara aarroBty fbr a flvon ▼ala* of are eurrantf an Incraaaa in th* 
anod* apaad aill roauXt in an ineroaaa in tho nwabar of anoda apota 
forsad par in^* Figar* 18* aheva, that for aaoh Tain* of are currant, 
th* auabar of apota foxnad par on tha aluninaa anode, doeraaaaa 

and approaohaa a alniwni aarnptotle ▼alu* for ineroaaiag valiioa of 
axx>da apaod* Thla aajrapto^a Tain* aoau to incraaa* in an approxlaato* 
If linear faahon with ineraaeaa in are eurrant and raqnira* largar 
▼alua* of anode apaed to raaah tii* ninlana valu* at th* hi^^ar ▼aluaa 
of ara currant* Figora 19* aboaa that tha auabar of apot* fomad par 
inah on tha eoppar anoda inaraaaaa and appxoaeha* a naxiaun aajrnpt- 
otla Talva far aaah ▼alua of ara eurrant* Aa ia eaae of iha aluadnun 
anoda, thia a^faptoti* valxM aacna to ineraaae liaaarly with are 
eurreat* 

Thaaa faata aean to indlaata that, for tha alaninua anoda, tha 
anoda and of tho are atraaa aaat ranaln at a giv«i poaitlon for a 
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flx»d leafth of tiM In ordor to aohioro are stability. This porlod 
appsars to dopand priaarily on tha value af tatal a^ eurrant. On the 

I 

other handf for a stable are to exist* the e^par aaoda saaas to require 
that tha are plaaea be not axtarxlad beyond a fixed Baxisusa laa(th* by 
tha aotloa of tha anode* before rei^tion takes plaoe. 

rj OP iNODI SPOTS POfUSD PER SECOKD 

Figures 2Cl and 21.* for aleslaue and eopper respectively* ifeov 
the variation* with are eurrent* of the nuaber of anode spots fbreed 
per seeond at various values of anode speed. Figures 22. and 23. ara 
a rapXot of the ssaa data using anode speed as the independent vari« 
able and are eurrent as tha paraeeter. As prsviously usntionsd* for 
tha alminisa anode* |U the spots fbmsd seeaed to bs ereatsd individual* _ | 

ly elth very little evidence of the wclstance ef *aultiple* epots. The 
inoreaae in the nu^er of spota foxuad per aaemd* with inereaslng aneda 

( 

speeds* appears to proeeed in aa orderly faahion as Indisatad on Figuraa | 

I 

20. and 22* Rawevar* Ibr the copper anode* at era eurracts abeve three 

I 

hundred Mperee* in the lewer range of hhe aaede ^)sede inveetigated* 

J 

aad for every value of ere current at anode speada i^va 4*000 feet jj 

per ainnte* the iaerease in the spot foraation frequauey with an in- | 

oieasa In aneda apeed or arc current eat prinarly oauaad by ehat aeased 
te be the repAd growth ef the tendency for two or uore anode epots te ^ 

exist coneurfantly. As previously indicated* a oewparisen of Figures 
13. end 15. show the aaiieed dlrrerenee in the appearanee azibitad by 1 

the ansde traoe of the nono-spot arc and tha trace of the nulti-epot | 

are. This transition fron single spots to 'noltipls* spots is evidanstd I 
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in th« grMtl7 «lop« ef tea *«pot» par In ah- eorra plottad 

agalaet arc exurant In tha higher range of anode epeade (Figure 21) • 
lie effects mot alao be ee«i la the Tariation ef the slopes of the 
oonstant current lines plotted en Figure 23* (spots per inch anode 
speed) • On this plot it can be sa«3 that, for currents below three 
hundred asiperes, the slope of t|^ oonst«it eurrcat lines decreases idLth 
an increase in anode speed, uhlle for currents abowe bhis ralue, the 
slope increases with an incrsass in anods spsad. 

gicsoaoopic mcii«»moK of the ajiows spots 

(a|). Photographs ef the anode spots 

As preriousl/ indisatsd. Figures 13. through 15* show the gaoeral 
eppearrenee of the ere treoes on the anode eurface. Figure 13. i'^ 
tTpleal ef the appearance ef all aluninun anode spet tracee and also 
of the low anode speed <»pper sAode apot traeea. Figure 14* and Flgurs 
13. are tTploel of the high apeed copper anode spot tracss* Figures 
4* through 10* show wegnlfisd wlsws of spots for dlffsrsut ^rpss of 
anode saterial, different valuee of arc eurrent and different valuee 
of anode soeed* To pemit the proper Tlsaalisetloo ef the else of 
theee apots, e scale has bean superinposed on these latter Figures. 

ISa^ nejor dlwlslon of this seele reprsssnts a aeasuransnt ef one 
eixth nlUlneter on the anode surface. 

(b). The eluelntai anode spota 

The wiewB ef the spota forwed on the eluninue anodee (Figures 

4. to 6.) show four distinct Idsntifiable regions, nensljt- 

(1). A csntral portion that has tbs apps» ranee of a eireular 



aomid tkftt to cpprosA « rolotlToly oharp point 

(Flguro 5«) oorroua^od hy m slight dsprossios or *ao«t'« 

Figure 4* shoes the saas ehsractsrlstis aousd* axcopt that 
in this Figttrs it ar)pMLrs ms though tho aovad tip hod eoll* 
apasd to fora a slight orator. Figaro 6. gires oridoneo that 
a aoand had oxistod bat tho eollapso of tho eontral rsgion 
SOS suffieientlj oxtonsieo to pmetlcalljr eblitorato ^ 
aouad, la all in«tanooo« tho aound aad its surrounding *aoat* 
oero oelorod a doop hlao» as though tho aotal had boon hoatod 
above the aelting point and than qaefaebod suddsalj. 

(2) . The next region is snaalar in shape and ourroundo tho 'aooV. 

It hao a sharply defined oater eiremferenee Md o slii^tljr 
*fhrroeod* surfaee. Tho *fUrroini' are partleularly orident 
in Figure 5«f but they aay also be sson In Figures 4. aad 6. 

(3) . Tho third region is also annular aad onsoapasooa tho too 

regions previously dsaorlbed. Its surfaoo is rolotivoly 
bright aad usually free fzou aurfaso dlsoelo rations. This 
rsgion Bay aoat oaally bs ssea la Figures 4. and 5. 

(4) . Tho last distinctive region io o haay ring areiad tho 

spot and appears to bo ooaposod of a thle'< layer of alwiaw 
oxide nnd a haavy coating of oarboa surface depoelts. 

All the alunlnus spots oxaaiaod wars eoepossd of tho four dia* 

prop.^'t'iikn 

tlnot ragions outlinod above. The relative propotlon of the areas of 
oa^ rogioB changod with changas of are current and anode speed* For 
low values of arc current ths Innsr area hod a deflnats aouad with a 
*eollapsed* tip aad ths eoat surrounding tbs aouad was uell daflned. 
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Th« b«st Mans af leeating tha liaita of this regioa aaa Ita charaot- 
arlatia daap blua color. With am looraase Is ara aorrant tha aaaad 
araa inoraaaad aara rapidly than tha othar araaa^ tbaraby tending to 

-t-kc. 

obacura -ta othar dlatingulshabla araaa. Flgura o. ahova tha Bwuad 
araa oaaapylsg pmetiaally tha antlra apot araa aad only reiy aaall 
portion# af tha othar dlatlnet areas rlsabla. 

(I) . Rotation of tha aaltod alwainua anada natal 

Ifo rotational notion, or rortlcity, las arldast in tha nound 
araa, hovarar tha fnrroaad aaetlon ana Inrarlably groovad In 
■tiah a direction as to auggast poa^lbla rotational notion of 
the natal. Tha fVirrovs, aa ahown by Tlguraa 4* md 5., vara 
along llaaa that appaarad to ba rotatad oountar>clookvi8a 
with raapaet to tha radii axtandlng fron tha oastar of tha 
apot. 

(II) . Iffaota of tha alunlnan anoda sarfaea condition of tha 

apot appaaranea 

Tha only oatarlal diffaranaa that could ba diatlnguishad 
anong tha i^ta nuuSa on ^ altmlnun anodaa with diffarant 
anrfaaa oonditiotia vaa in tha alsa of tha autamoat aharaatar« 
istle area. This hasy, dartly ooloi*ai(, araa vaa natfi larger 
for thoaa anoda tapaa idwaa surfaeaa had arlginally bean 
roughaaad by naans of a ataal wire brash, ar ahosa eurfaoa 
dirt had net ba«a ranorad, then aara tha aorraspondlng areas 
prodtioad on aluninn tapes idibsa surfaces hsd ba-n elaanad 
sltb aarboB tatrachlorlda. 
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(0) « Th« copper uode spots 

As seen In Figures 7, through 10, there sere onlj tee 
distinguishable regions in the anode spots fomed on eopper tapes. 

The surfaee aoating of earbon deposits and copper oxide was approxiiuite- 
Ij cirealar in #>ape. In the center of these deposits a kuQI portion 
of eopper had aelted and fonaed a tin/ aotmd, Sorroundlcg thla 
■ovmd see a nwiallj sharplor defined Boat, although at the higher values 
ef anode speed the aound with its bo at usuall 7 had inauffloiant height 
and depth contrast to permit easf identlfleatioa. Figures 7, snd 8, 
show bmv olsarly ths anods SfsetSf on eopper tapes, ara dafined after 
the surrounding ooating of surface deposited carbon hae bean removad 
by Btans ef a dilute hydreehlorlo aeid bath. 

(1) , notation ef the Belted eopper anode aetal 

C3ess inspeotlon of Figure 10, shoes the existanoe of elroulsr 
• contour* lines srouad the ee^er Bound, In a few of the thoueands 
of epota exasiined it was passible to follow a single 'eontour* 
line ss it eireled the Bound two er three tiaes. In all sueh 
eases ths line spiraled in a oouateiveloekwlee direetioa ms the 
liae «ae traeed froa the base tewarda the tip ef the Bound, 
indleatlng a possibla oounter-eleskwlse rotation ef the aolten 
eopper. 

(ii), Effeets of copper anode sorf'^ee eondition on the spot 
ai^>SBranoe 

Figaro 10-a, shows ths appearanee of s typical anods spot foxaed 
OB a eopper t«pe «^ae exurfaee had a heavy ooating oi^rfaee 
oxide whieh had not been preeleaned prior to the run. There is 
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llttl* or BO orlAoBco of osjr toBdanoj for tho ooppor to boooM 
•uffieiontl/ hot to aolt end ettoapt to fora a pip. Altboufh 
tho Yolooa of oro eurront end enodo opood uood to obtain tho 
•poto lUaotretod In Figiiroo 10. end lO-o. ooro ldentloel» thoro 
lo littlo olBllerity botwo«i tho eppoaroBOo of thooe opota othar 
then tho layolt of depoaltod eezbon partieloo. In tho rengo of 
are ourronta aad anode epooda InToatigatod^ only at tbo loaoat 
ralnoa of anode apoed did a aouad dorolopo on a ooppor anode that 
had Bot prarloualy had Ita aarfaco dirt roaorod by aoaa elaaainc 
aatbod. 

ARODG SfCT AK5AS 

(a) iroa dotoz41nation 

In dotaralnii^ tha aoltod araa of the anode apeta tha aajor 
and ainor dia«etera of tha outer odgeo of the 'aoat* foned arcnxad tho 
ooppor apoto vera aoasured. la tha aaao of tha «luali»iB apota tha 
outaraoet aajor and ainor di&aatara of tha *farrowod* araaa oere aaae- 
urad. Tha *aoltad araa aaa ^.on aalciilat*d by eaaunlng that tho apota 
vara dlliptioal In ahapo* 

(b) . Plota of tho alualnoB anodo apot aroea 

Figuroa 24* |ad 25* ahev, for aluBlnua aad oo{^r roapootivoly^ 
tha TariatloD^ with are current, of the avorego anode apot area at 
aoledtod raluaa of anoda apaod. Figuroa 26. and 27. are a roplot of 
tha eoBo data for aonstant Ttluea of aro current and veriouo raluoo of 
anodo epood. Figaro 24* i^wa, that for anode apooda bolov a ralua of 
7,000 foot per aiauto, tho alunlntaa anode apot area Imndiaeod i^pxox- 
laataly llnaarly with arc current. For an anode apoed of 7,000 feet 
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p»r Blimt* BO *ppr«eiabl« oh«nc« In th« •Ixminm aaod* spot ar»« M 10 

dete<tabl« as tha eurrant aas varlad. Ovar tha ll»ita<l raoga of are 

currant anluas lBTaatlgata4» tha auodo spot araas foxsad on an aloalmsi 

aaoda travalinf at 8^000 fast par ainata appaarad ta dacraasa with 

a» Inoraasa in ara currant. Fro* Flfsrs 24. It Is to ba notad« that 

at an anoda spaad of 3»165 faat par alsMta^ for tha alualnua aaoda» 

trtilla tha IndlTldaal uwda spot araas iaeraasad llBear 27 with an | 

Incraasa In aro currant tmtil a eurrant of about 240 a^paras aas | 

raaehady at ^a graatar walaas of aae eurrant, tills linaar ralatlon* 

I 

ship ms lost. la faet, for ara ourraats betaaan 280 aad 330 aaparas 

tha slops of tha plot of aaoda spot araa vs are eurraat la nagitlva ' 

Instaad of posltlva. Tb a laasar asttant, this taadirtsy of tho aaodo 

I 

spot aroa to daaroaaa with Incroasas In eurraat, at tho larger valuoo 
of arc eurrant, ms also notsd for tha eop^r anode as polntsd out , 

balow. ^ 

(e)» Plots of tho ooppor anode spot areas 

Figure 25* Is a plot of tho oppfor anode average spot araa, ^ 

far aonatant values of anode spa*»d, vs are eurrant. Tha appaarmea 
of this plot Is varp similar ta that of Plgurs 24. which shows tha 
Sana data for alualmat aaodas. Howawar tha following important 
dlffaronooo aro to bo notodt- — ft 

( I) . Tho araas of tiio ooppor mode spots ars au^ lass than tha • 

eorrospondlng alualnwa spots fbraod undsr Idantlsal soaditloss of ) 

snodo speed and art currant. * 

( II) . The ooppor anode apot aroa appears to bacoas approiclaatel/ 

I 

oonatant for all valuta of aro eurrwnt at an anode speed of 
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•bout 5»000 f»et p«r Binat* •• coapcred with a -vala* of 7,000 
fMt par wlzmto fer th» altaluxa raoda. 

(ill). Tha idiaafe la alopa In tba plot of apot araaijjrridant at 
an ano<U apoad of 3,165 faat par alnuta for tha aluainua anada^ 
appaara to ba rapaatad in tha eaaa of tba eoppar aooda for aiioda 
apaaia of 3,165 - 5,000 and 7,000 faat par ainata. Bowawar It 
oecura at a hichar walaa of are aurront and is imeh laaa pronounead 
At tha highar waluaa of aaoda apa^d and for tha largar waluaa 
of are ourrant tha dac raa a a la tha lodlwldiial ooppar anoda apot aaraaa, 
with Incraaalng eurr«it, appaara raaaaaabla If tha propoaltlon af 
alMltanaoualy fomad *aultlpla* aaoda apota, prawloualy diaeuaead, 
la ae tptad* Rowawar tha lack of any otbar awldwaea of tha aKlatanaa 
of thaaa *mltlpla* apats an tha altmliaai azioda MMaa tha daeraaalng 
apot araa, idth laeraaalng aro ourrant, dlfflault to oicplaln* 

Flgura 27. ahowlng tha warlatian, with aaoda apaad, of tha ooppar 
aaada apot araa Indleataa that at aa anoda apaad of apprcoclaataly 
5,000 faat par alnuta tha aoaataat currMt ourwea paaa throat a 
eonaon pelat. A eonparlaon with Pigura 26* ralatlng to tha alualiM 
aaoda, ahowa Uiat tha oonataat aurwaa taad ta approaah a alallar 
aowMon point at an aaoda ^paad of about 7,000 faat par alaata. If 
InTaatlgatloaa wera to be oondaotad at auah lal^ar walaaa of are 
aurr^nt thaa ware faaalbla with the ^ulpaant uaad la thaaa axparlaMta, 
tha axlatanoa of this oomoa Intaraactlon for tha alaalaua aaoda alg^t 
ha daflnatly aatiAllafaad. 

(d)« Llsltatlona In datamlnlag apot araa# 

Although the aaada apota foraad at tha highar waluaa ef 
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ftnod* spwd ar« wry refular in app^ernsQ* end nwry nffort mt nad* 
to noMuro tha aetuaX aaxinuB and nlnlwiB dlaMotara, it ia fait that 
tha araa datamlnatlon for tha axtraaaly Mali ooj^r apota aneountarad 
at tha highaat aaluaa of aaoda apaad nay ba la arror by aa nnch aa tan 
paraaat. Thla paroantago arror aould mrlaa hy nnaartaintlaa of tha 
ordar of lA20 nillinatara in tha naaaaranMt of tha najor and ninor 
dianatara of tha aaallait eoppar anoda apota. Baaauaa thay aara ao 
na^ lafgar« tha aaoa onaartaintiaa ia tha dinaatar naaauraaaata af 
tha alualnun aaoda apota wald only giva rlaa to arrora of about tio 
pareant ia tha apot araa dataraination. 

APPARENT OORRSHT D5NSITI 

Pigaraa 20. throni^ 31. ara plota af tha apparaat aurraat danaity 
of tha aro currant Mtaring tha aaoda. Tbaaa grapha wara obtalnad 
dividing tha are earrant b^ tha aaloulatad avaraga araa of tha aaoda 
apota. Pigaraa 29. and 31. ara partiaalarly Intaraating. Thay ahov 
tha variation of tha apparaat currMt danaity af tha aro currant at 
tha oappar anoda« Figaro 29. ahoaa« teat for apaeda abova 3»ld5 faat 

par ninata* tea aorvaa of oonatant anoda apaad vhan aatandad balov 

« 

tea *teraahold' aazTMt* tand to intaraaet at a ooanon eurraat danaity 
af abaut 115^000 anparaa par aguara oantlnatar^ and aa are aurrant of 
gpproxinataly IRC anparaa. Figura 31. ahova a nuah tearpar Intaraaetion 
of tha aoaotant currant liaaa at aa anoda apaad of 4»000 foot par 
niauta and an apparaat aurrant danaity of 112«000 anparaa par aquara 
aaatinatar. Thaaa dafiaata intaraactiana and tea praaanaa of vhat 
appaaro to ba dafialta miltl-eoaxiatant anoda apota on tha eoppar tapoa. 
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at cartain oomblnatlona of aaode spaad aad arc earraat, taaa to bo 
fairly ooaelaalro oridoneo ;Uiatf for tho partiouXar ooindltlsna undor 
ahiah thoao oxpariner.ta vcro eonductody tlM actual aaxiaua currant 
danalty that can ba aupportad by a stable arc and a copper aoo4a la 
vary cloao to 112,000 aoperea par aquara oantlfiatar. The author la 
of tha opinion that the apparent current daneltlae rreatar than 

112.000 oEporrsf per oqjiare eentlaotar, ploit^ad jfhr nnode spaada abort 

4.000 fact per ainuta, aara osusai by tha arronaeufl aaanmptlon that 
only a alngla cnode spot ablated at any glvan instant, abaraaa tha 
appaaranon of the anoda traces at epaads above 4>000 fast par ainuta, 
aa shorn In floras 14. and 15* aaeai to contradict this assvtaptlon. 

If tha postulata, that tha cop^r anode vllX act aupport, by 
naans of a stable arc, an arc currant density greater than 112,000 
aaparas por square centinatsr, at tha anode, la trua, tiiao soaa 
additional reason nnst ba tdvanea to arplatn tha apparani currant 
dwnsltlas graatar than 112,000 onearas par aquara eentlnatar (Flguraa 
29« and 31) aalculatad far the lower valuaa of tneda spead and are 
currant. 

Figurae 2?. aad 30, sboving tha variation, alth are currant and 
aaoda epasd raapaotlvaly, of tha apparent eurrart density at tha 
alualsw anode saaai to indicate that invaatifatlona at greatly ineraasad 
valnas of are evfrcnt aad / or anode spaed aust ba undai'takan to 
locate the ultiaata atabla are currant dansttjr that aan ba aupportad 
at aa altwiiuai anoda^if such an xiltlaata valut axlats. Seeaus# tha 
tread af tha aarvaa of Figure 30. arc aiallar to tha trend of tha 
lover eurr<mt valuaa af Figure 31* it aaaas logioal to cuppoaa that 
aoeh aa ultiaata value aay axlat for tha aluainua uoda. 



TOTAL ICXTED AR£1 PIR SECOKD 



Flfuz«t 32« thxT>«gh 35* chow th« wari«tlon« with are current and 
anode apeed* of the tetal anode aurface area nelted per eeeond^ for 
almlaea and oopper aaodee. Theee grapha were obtained b/ aultiplplng 
the value of * anode apota fomed per aeeend* (Flgurea 20. to 23«) idLth 
the value of 'anode apot area* (Flgurea 24. to 27.) » for aeleoted 
valaea of are ourrent and anode apO'd* Figure 32,, for aluBliKa* 
ahoea that the total aelted area laoreaaee In a roughlp linear faahien 
with Isoreaaaa la are eurrent^ and for a given value ef are eurrentf 
the total aelted area la greater for the larger valuee of anode apeed* 
Rowevert at the higher values of anode epeed the alepea of the constant 
anode epeed eurves deereaaee fer Inereaalag values of anode epeed aa 
ehewn bj Figure 32* ( total malted area per eeoond vs anode apeed) • 

Theee ehaagea la the elopee of the ooaetent anode epeed eurvea plotted 
oliFlgure 32. make tba oonetant currant ourvee (Figure 34*) appear 
te eppxoaeh an asyaptotia value for eadx value ef are eurrent. Theee 
eurvee Indicate that the aaxlsnui total araa that eaa be aelted by e 
given are ourrent le obtained when the ourrent ie et^ or eloae to the 
threebold value for a particular valua of anode epeed* 

Figure 33. showing tha variation, with ara aurrent, ef the tetal 
araa aaltad par saeond, and Flgura 35. ehowlng this variation idth 
Mioda ape«d, for tha copper anode, ladicatea the narked difference la 
the total aelted area per aeoond fer the varioue valuae of are eurrent 
and anoda epeed. The differoaeee between theee ourvee and tha alallar 
plate for the elualooa enodee (Flgurea 32. and 34«) ead tha If ok ef a 
unlfora pat tarn of variation with ^angeAla anoda epaed and aro eurrent. 



o 






48 



aro appara’itly cauaad, althar by th« unknoim factors eraaiad by tha 
foisatlon of tha 'Bvltipla* spots on tha eoppar anoda sarfaeas, or 
ara l^a raaolts of Inaeeuraoiao in tha aaaaurMMnta of tha rary saall 
aoppar anoda spot araas. Koasrar^ oorraetlosa for tbs sstisatad 
aaxiaua arror of plus or slims tan pare ant, in tha araa dataroinatlos 
of tka vary ssall ooppar aaeda aoppar aaoda spota^ sssld ba insafflelsot 
to satarlally altar tha ahapss of tha surras shosa on Flguras 33. aad 
35. THarafora it is balalrad ^at thasa eurraa gira a trua raprastab- 
atlon of tha pattara of rarlatlos^ alii, anoda spaad and arc aumrat, 
of tha total eoppar anoda araa aaltad par saoond* 

TOTAL AXODS SURTACl AIBA MSLTED PBR Asn»ERE PER SBOOMD 

A plot of tha rarlation, with aro eurrant, of tha total anoda 
surfaoa araa aaltad par aopsra par saooiul ean ba intarpratad as a 
aaasurs of the affialanoy of tha ara la transfarriag Msigy to tha 
anoda sorfaea. Tha tarn Sfflelaaey' aaad haraln is a;^lad in tha 

saaaa glrtn abora. 

Flfuras 36, and 37. shov^ far alualzms and aoppar anodes raspaat- 
Iraly* tha varlstlon, with are aurrant, of tha total anoda aurfaoa 
araa naltad par anptra par aaaond at salaetad raluaa of anoda spaad. 
Flgura 36. idiovsf for tha altainua anadas, tha afflelancy of tha ara 
inaraaaaa «dth an inoraaaa In aro eurrwt for tha loaar raluaa of ara 
aurrahta and anoda spaads. Kosarar, for tha larga raluaa of are 
currant, tha afflelansy appears to dsersass with Insraaslng surrsnt. 
This tsndsney Is partlaularly srldsnt In tha plot for an anoda speed 
of 3,165 feat par oltmta, but It nay also ba dataetad In tha plot for < 
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th« anods «p««dt of 7,000 and 8,000 faet por minuta. This Flgur^ao 
tbat tho aaltlnf •ffooiency, for a Tal«o of aro aurrant, 

aan ba Incraaaad by m Inoraaaa in anode apaad* For any particular 
▼alma of aaoda apaad tba aoai af^'leiant atiliaatlen of tha ara, far 
aaltiof tha aneda aurfaoa, oeoura idien tha are currant la aalntalnad 
at tha 'thrashold' ralue for tha particular ralua of aaoda apaad. 

Figura 37. ahowa a aiaiUr plot for tha eoppar aneda. Hara 
again, tha appaaranee of tba *aultipla* aneda apdta Introdueaa a factor 
into tha caloulatlana for thaaa currea which aaka it difficult to draw 
any gaaarcl oonelualona aoneaming tha waiting affleiancy of tba are 
batwaan a eaibon oathoda and a wowing copper anode. Howewar thara la 
a wary alight aiwllarlty between Flguree 36, and 37. that ean be 
Botloed. In both figures the welting efficiency of the aro inereasee 
with an inereaae in are eurrant at the lower values of anode apaad, 
and daoraaaas with iseraasaa la are currant for tha highar valuae of 



anoda apaad 



T1i 9 roavlta of the lnv<3«rtit«ri.lCi»o di60ia*.^9d ii> j,ap«r uny L« 
0 U!CHirlzei ab foliovai- 

(a;« ^8 Botl*ed of Inveoti^'tiJiC ph«vK»*x»>« at Uio «jMida oi an 
electric aCO liotveen isovln4 etloctrodaa 'me l«8u oAtsnAed 
to 8B»ca!^.88« oAodc a^cdfl c.t.T5foca^.iT.j^ Iti JOu fae^ 

KiRute* 

(b)» fR* BSL^heg^^ia 8f #. ' o.’ .vired val'-si of 

•ro «*-rrmt the fo«»e* 48 n cf e »iteW^ -vr*: btfte««c 
nes Weee 

(o)» 1W« ▼\riAtiofR, 'em! *tao4« %)ood, af •■t'lreAol'i' ejrc 

currmit has been neaeurod end fj*^d %o be ilsSe.'jni i'er live 
08 tea of 9 vrin. wl co^of niv-^ieo at a fibred o«Q^er~ 

atiM of l/o iiioji >ra> a ca]:^io» «ol u.&e* iSio 'tl'.rfCf uld' current 
inoreaeoa linearly with iODdlP at qp^^wia au va 

foot p^r »l 4 iiit 8 and is hl^vr for enp^er anodiM t>ian ffr 
aliia« 4 A anedMt Pm* ^oe d a below ^yUOO feet par iroito 
the coforer arodo •t^rotf.oid' eerrert as.a-ftottcall/ ei«preaa:%e« 
a valw of a~<n.-i 90 ai^erec, while ll*o alutln^ an><de 'tareohold' 
aeyp^totlcally approacwee a i^lue ef aloert *K) M^reo. 

(C)« ?Ke doyeedu n ae ifon surface ooniitlori of V«le Tariatiob^ 
with Bsmim teead^ cf t>io 'thre^old' oirrert for alwtliaM 
and coiv*r aeedeo baa n o t ed »ad roujifily *©a*e-»d, altowinj^ 
tliat a tM.n craaoa coat leg ae the ecppcr a*ieia had no tceaaurablo 
•f eet OD iral'*e <?r Hbrov^old’ eorreit* birevsr, elVM^pi 
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th« Mae thin greaeo ooatlnf on the almlnm anode alao had 
negUcable effectsx speeds belov 2^000 feet per alnatey 
it lowered the 'threshold' eurrMt appreeiablj for anode 
speeds aboTe 3,000 feet per nlnute. 

The probable regular foraatlon of aultiple eoncurrently 

aadsting usode epote on copper anodes was detected at all 

waluee of are current, for aeode speeds ef 5,000 feet per 

Blnuta and greater, and for are currents of 300 ewperM or 

greater at anoda apeeds aa low as 3,000 feet per einute. 

It was deterolned that the aaxinua apparent eurrent density 

iS 

that a copper mode asnsars to - be - able to support, by Mans ^ 
of a atable are, le approxlaately 100,000 annoree per square 
eentlaetor. 

For aluainua anodes, epparoat current deneitiee of Xh9 order 
of 60,000 aaporee per eqttare eentleoter ware noted, but this 
waluo dooe not appear to be the aaxlaua waluo that aes bo 
•uppertod by aoaaa of a atablo are. 

For both alanlnua and copper anodea, apparent rotational 
aotioa in a eountar-clo^cwlae direction, of the aoltod aotal 
in the anode apot eaa noted owar the entire range of anode 
speeds and are ourrents inweatlgated. 

For alualnue anodea an unexplained deeraase, with Increasing 
arc rurraat, la the individual aa^e spot areas, the total 
anode eurfaae area Mlted per eeeond^ and the apparent Mlt- 
lag afflclancy of the are, was noted for are currents above 
asperee end an anode speed of 3,165 feet per einute* 
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(j) . For aluBlmoi aiKxios traTollng at 7»000 faot par aiauta» 

loaraaslnf tha are aurrast had ao effaot o1^ tha anoda spot 
araaa aad at anoda apaada of 8,000 faat par alnuta, laeraaaaa 
In ara eurrant appaarad to aauaa a daeraasa In tha anoda apat 
araaa* Siailarljr far ooppar anodaa, apaada of 5,000 faat par 
mlnata appaarad to proTant aaj idiaagaa la tha anoda apot araaa 
with ehaafa In ara aurrant, ahlla apaada ahora 5,$9^ Faat par 
■Inuta, tha anoda apot araaa daeraaaad with isaraasaa in ara 
aurrant* 

(k) * It naa notad that, at apaada abora 3,000 faat par ainuta, tha 

ooppar anoda aoold not salt and fora a raiaad anoda apot, if 
tho anoda aurfaeo wai aorarad with a ralatlraljr baary aaating 
af aoppar oxida and a ^in aaating of gfaaaa* 
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figarm 1. 
Fifur« 2* 
Fifur* 3. 

Flgttr* 4* 

Figurs 5* 

Figure 6* 

Figure 7* 

Figure 8.- 

Figure 9. 

Figure 10, 

Figure U. 
Figure 12« 
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« General view of the high nOod» epeed direot curreet 
ere test apparatus 

•> View of the anode aiieel and cathode aetmtlng ebowing Xb 9 
are chortlag rod la peeition for starting the are. 

> View ef an aaode tape aounted os the anode idlieel ahowliig 
the partitioning acccMapllahed by aenas a^ the insulating 

tapes. 

> Chsraeterlstie anode epet fo»ed en an alueinua aaada at 
asi anode speed ef 3>l65 feet per ainute and an are current 
of 105 a«pei*ea. 

• Cl^raoterletio anode spot forsed en an aluaioua anode at 
an anede apeed of 3»165 feet per ainute and sn arc current 
of 205 eaperee. 

> Charaoteristlo anede apot foz«ed ea an alualnua anode at 
an anodo epe<*d ef 3»165 feet per ainute and en are current 
of 235 amocres* 

• ClMuraoteristlo anoda apet ferwed an a copper atx>de at an 
anode speed ef 3»145 feet per ainute end an are current 
e^40 aaperee. Surface eoatlag of eaxtien deposita and 
copper oxide reaoved by a dilute hydrochloric acid bath. 

Characterlatle anode spot foraed an a oopper anode at an 
axKide speed of 3^156 feet per ainute and aa arc eurrent 
of 300 anperea. ourfacc eoatlag cf earbon depoaits and 
oopper oxide r eaoved by a dilute hydroehlorie acid bath^ 

> OharMteriatie anode afiot fbrued on a oopper anode at an 
aaode apeed of 3«165 feet per ainute end an aiGc- eurreat 
ef 140 eaperesy ghowing the heavy depoalta ef carbon 
partlelaa and copper oxide surrotmdiag the spot. 

Charsoterlstls anode spot foraed on a copper aaode at ea 
Mode apeed ef 3^165 feet per nioute aad aa are eurreat 
cf >00 amfaroBp avowing the heauy depoaits ef earboa 
partieloa and copper exlde surs'oundlag the spot. 

Variatloa^ with arc eurreat y of the arc petoatlal drop 
far various values ef anode speed. Alualnua and oopper 
anodeSf llectiede seperatlon 1/8 inch. 

Tarlatleu, with aaode speed* of the Hhrweheld* eurzwnt 
AlualauB tad eopper anodes, tlsetreds sepsrstloa 1/8 ineb. 
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Flgur* 13. 

Figure 14. 

Flgur« 1$. 

Figur* 16. 
Figure 17. 
Figure 18. 
Figure 19* 
Figure 20. 
Figure 21. 
Figure 22. 
Figure 23. 
Figure 24. 
Figure 25. 
Figure 26. 
Figure 27. 



View of typloal trace of atx)de epote rocorMkl ou « copper 
anode for low wulues of anode apead. Anode epeed 3»165 
feet per ulnute* arc current 140 anperes. (Mote aluelxna 
anede apot traces are alnllar for all waluee of anode 
speed and arc curxwat.) 

triaw of anode spots on copper anode showing the tract 
appearaaee when sllid^t evidence of 'nultlple* epote ere 
first detedterl. Anode speed 5*000 feet per ninute. 
are current 200 anperes. 

View ef anode s’ot on copper anode when nuaeroua *aultlple 
spots exist. Anode spead 6,000 feet per ninute, arc 
eurrent 320 gaparee. 

Variatloa, with ara current, of 'Spots pro Ineh* at 
selacted >n>luee of anode speed. Alunirm anode. 

Vsj:latlon, with are eurrent, of 'Spots per Inch* at 
seleatad values ef anode speed. Copper anode. 

Variation, with auoda speed, of 'Spots per Ineh' et 
selected vnluea of are eurrent, AlvMimaa anode. 

Variation, with anode speed, of 'Spots per inch' et 
selected values ef ere eurrent. Copper anode. 

Variation, with arc current, of 'Spate per agoond* at 
ealected values ef anode speed. Alunlmai anode. 

Variation, with arc ourre%^ of ' Snots par second' et 
aelaeted values ef anode speed. Copper anode. 

Variation, with anode speed, of 'Spots per seeoad' et 
selected values of era current. Alualnun anode. 

Variation, with anode speed, of * Spots per second' at 
selsetsd values of are eurreat. Copper anode. 

Verletiott, wlt^kro eurrent, ef 'Anede epet eree' «t 
selected values ef anode speed. Aluninua azx>de. 

Variation, with a^ ourzent, ef 'Anode spot ares' at 
selected values ef anode speed. Capper anode^ 

Variation, with aaeda speed, ef 'Anode spot eree' at 
selected values of ere eurrent. Alwuimni anode. 

Variation, with anode eoeed, of 'Anode soot ares' at 
seleeted valuaa of are eurr«it. Copper anitde. 



Figur* 28, 
Figur* 29, 
Flgur» 30, 
Figur* 31* 
Figure 32, 
Figure 33. 
Figure 24. 
Figure 35. 
Figure 36, 
Figure 37, 



Vurlutloa, ulth ere current, of the 'Anode s?ot epperent 
current d^neitjr' ut eelected ealuee of anode speed, 
Alweinua anode. 

Variation, vlth arc eurreat of the ' Anode spot apparent 
current densi^* at eeleated Tulues of anode speed. Copper 
anode. 

Variation, with anode speed, of the ' dnode spot apparent 
current ddnsitj* at aeldstod Talaas of are currant, 
aluulnuu anode. 

Variation, with anode speed, of the * Anode spot apparsat 
surrmt dsnsi^' at sslected ualuss of are curreut« 

Copper anode. 

Variation, with arc currant, of 'Total anode surfaoe area 
■elted per second* at saleotad values ef anods speed, 
Alvealnuu anode. 

Variation, vlth arc current, of ' Total anode surface area 
■elted per eeeond' at aaleated valuas of anoda spead, 
Ceppar anode. 

Variation, with anode speed, of 'Total anode surfaoe area 
■elted per second' at selected values of aro current, 
Alusinua anode. 

Variation, vlth anode opted, ef 'Total anode surface area 
■elted per seeond' at saleotad valxies ef are currant. 
Copper anode. 

Variation, vlth are current, of 'Total aoddo avrfaoe area 
■oltad par aapero par second* at selactod values of anodo 
spoad. Aluaima anodo. 

Variation, vlth are eurront, of 'Total anode surface area 
nelted per aapere per second' at selected values of uwde 
spsed. Copper anode. 
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TABLE I 



EXPERi aOITAL HiniiOONDaCTED 



AH025 «2T1L 




i^O CUBBEIJT 


r' msn 






/^r/zn/^ 




OP P4.WC 


Alwlmin 


1,000 to 


40 to 150 


26 


Threshold current 


(grease coated) 


8,000 






deisnilnatltm 


AluBlnua 


1,000 to 


40 to 300 


13 


Sane 


(eletfi) 


8,000 








Oepper 


1,000 to 


80 to 300 


15 


eene 


(grease coated) 


8,000 








Copper 


1,000 to 


80 to 300 


15 


saee 


(dean) 


8,000 








AlTadmoa 


1,000 


80 to 200 


5 


Approxlnately 25 


( clean) 








aspere ctepa. 


Alunisua 


2,000 


80 to 200 


5* 


tana 


( clean) 










Copper 


2,000 


80 to 200 


5* 


aane 


(clean) 










AltysliHui 


3,165 


80 to 330 


13*'^ 


Approxiaataljr 20 


( clean) 








anoera ateps 


Copper 


3,165 


135 to 340 




sesia 


(clean) 










Aluaimn 


5,000 


150 to 220 


7® 


20 anpare ateps 


( clean) 








( rapeatad) 


Copper 


5,000 


200 te 340 




Approximately 20 


( clean) 








ampere etepe 


Alwlnun 


7,000 


220 to 300 


9 ® 


Approxlaately 10 


( clean) 








ampere stepe 


Capper 


7,000 


250 to 340 


6* 


Approximately 15 


(clean) 








ampere steps 


AIubIqum 


8,000 


300 to 340 


4 


Twe at each end* 


( clean) 










Copper 


8,000 


300 to 320 


4 


Tee at each end. 


9ttperserlpt 'a' 


' Indlaetea 


ene run conducted with uneleaned surface* 



Superscript 'b* indicates on* conducted with •roufbsncd* surface* 
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Vitw of tlM vDodo itml «ad tb* eatbod* aouatiag. 
Tbo are alwrtiiig rod 1« shoim in poiitioB for 



atartiag tho arc* 
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Tl«w 9t in liodt tflip* a»mt«d am th« aaod* ibMl 
Bkoviag th* pMtltlonlnt Meos^li^bcd bgr lzuRU,»tlBc 



t«pM« 
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fieaxm 4* 




(Skantort«ri«tlo ancxte epot A»ra 0 d on slwslnum 

AnoA« g p#*! # • 3^X65 ouzrtnt 105 ai>a« 

SeclAi* X ineh to 0»85 clXllrtterg 




II 
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Flgura 5« 




Oliftrft 0 t«rlftie spot fbaivd on alvnima 

%Kp9» 

Ano4* »p — d • 3fl€5 eorrnnt 205 anpa* 

SMOnt- 1 in«h to 0*35 oUllMtors 




ngur* 6< 




Qhaniet«riBtie anod* spot foniad oa alwilnura 

Aaod* apMd • 3,165 ft./aln«, ourrant 295 «ape. 
Soalai* 1 laah t« 0»S5 mtUlaatars* 



Figure T 




ClNmcterirtie Mode ^pot fbnted ea copper Wp«t 
after hjrdrceUjerie aeld laaib r e ao T e d tarbos depoalta. 
Anode apeed * 3tl65 ourrett 140 aape* 

•ealet* 1 itieh to 0*85 alUiaetera* 



Flgun $i 







Qttr»ot«rl«tlo anodi 0 pot tom$d on oopp«r anodtf 
•ftir Iqrdxotblorie atid wtmb Wmumi tabon di^oalta. 
Anoda tpaad • 3^165 fU/kin^p earrmt 300 aapa« 
Sailai* 1 l»oh to 0*S5 aiUlaatara. 
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Flgur* 9* 







C%ax«tl»eri«tlo aood* ipot foM«d oo oopptr tapt« 
Aflod« 0 p««d • 3»165 ft./ain«, eurraot 140 Mp«* 

I V-o o .Sf5" 'vtttllt »«t.er)^«rS. 



Sc«t|c % 
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1 . 



Ficon 10 




OhAnet«Tistoe oodo spet fbn«d »n CDpp«r t«p«* 
Aicde spnd 3«165 fk«/sto«» corrmt 330 inp«* 



8oal«- 1 iaoh to 0«8S alUla^toni* 
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Ficuro 10«a 




Chum«Uflstle ipoi ttnmi oa *dlr^ 
«opiptr 

4ao4« f|>Md • 3«3165 ft«/idiu« oomoi 330 
8«iiL«t- 1 Isoh H 0mt5 niUia«t«ni 
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FIGURE. 12 VARIATION OF EXTINGUISHING CURRENT WITH ELECTRODE 
SPEED FOR ALUMINUM ANODE AND COPPER ANODE 



Figora 13* 




?l«nr pt ^jrp^aal trace of cnode tpais on ospper 
tape fax t6w teluec of aaoede speed* 

Anode speed 3fl65 current 140 iraps* 

d e elet - l in c !r ^ mlitaatete 
(Potei-Alnfilnrei psts^im trecee are sixUer for 
all eelnce of anode speed*) 

^ CO.W! - V ft*c^ Vo ^ 
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Vl«v of IgrploaL tr&o* «f csode spota on eopper 
tapa ahawfng idli^i arldasieaa of *Bultipla* apoto* 
Aoodaa apaed$« 5*000 ft*/Bln«* ourrint 200 rntpum 
SaalM* 1 inch to 2 tnahaa* 
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Fi^tir* 15 
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FIGURE 17 VARIATION OF ANODE SPOTS PER INCH WITH 
ARC CURRENT. FOR COPPER ANODE 
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FIGURE 18 VARIATION OF ANODE SPOTS PER INCH WITH 
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FIGURE 19 VARIATION OF ANODE SPOTS PER INCH WITH 
ANODE SPEED FOR COPPER ANODE 
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FIGURE 20 VARIATION OF ANODE SPOTS PER SECOND 

WITH ARC CURRENT FOR ALUMINUM ANODE 
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FIGURE 22 VARIATION OF ANODE SPOTS PER SECOND WITH 
ELECTRODE SPEED FOR ALUMINUM ANODE 
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FIGURE 23 VARIATION OF ANODE SPOTS PER SECOND 
WITH ELECTRODE SPEED FOR COPPER ANODE 
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FIGURE 25 VARIATION OF ANODE SPOT AREA WITH 
ARC CURRENT FOR COPPER ANODE 
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FIGURE 27 VARIATION OF ANODE SPOT AREA WITH ELECTRODE 
SPEED FOR COPPER ANODE 
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FIGURE 30 variation OF APPARENT CURRENT DENSITY WITH 

/^NODE SPEED FOR ALUMINUM ANODE 
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FIGURE 33 VARIATION OF TOTAL ANODE AREA MELTED PER 
SECOND WITH ARC CURRENT FOR COPPER ANODE 



09 



89 




q: 

u 

a. 



o 

LU 



Ui 



< 

uJ 

a: 



UJ 

Q 

o 

■Z. 

< 



< 

H 

O 

1 - 



U- 

O 



H 

2 

UJ 

oc 

cc 

3 

o 



z 

H (T 
< < 

q: 

< ' 

> 



ro 



UJ 

q: 

3 

O 



o 

o 

UJ 



u. to 



2 0 



90 




i 



O 

o 

o 

GO 



q: 

UJ 

Q. 



ixJ 

Q 

o 

Z 

< 



UJ 

I- 

3 

Z 

2 



O 

UJ 

H 

>J 

UJ 



a: 

UJ 

CL 

CL 



2 O 



o 




o 


o o: 






O UJ 


< 


(T 


(D Q. 


UJ 


O 




(T 


u. 




< 




h- 






UJ 




o 


UJ 


-J 


UJ 


u. 


< 


UJ 


1 


1 - 


CL 


o 


(0 


_ Q 


h- 










o 


u. 


UJ 




o 


o 


(0 




o 






(C 


UJ 

o 


z 

o 


H 

o 

UJ 




H 


J 


Am 

< 


< 


UJ 



o 

o 

o 

cvi 



<r 

< 

> X 

H 






ID 

rO 



O 




u- in 



<D CM 



1N003S/-IN0 *0S 



00 



^ o 



03 J.13H 



V3UV 



nvxoi 



91 




CO 

UJ 

cr 

UJ 

Q. 

:s 

< 



I 

H 



UJ 

<r 

QC 

3 

O 



3 

Uj 

h 05 

UJ O 

U_ 



< 

UJ 

q: 

< 



H 

UJ 



X. 

X 

3 

o 



UJ 

o 

o 

2 

< 



o 

q: 

< 



-J X 



u. 



O 

o 

u 

CO 



o 

h- 



cc 

UJ 



UJ 

X 

UJ 

a. 

2 

< 



UJ 

o 

o 

2 

< 



3 

Z 



X 

Ul 



2 

3 

3 

< 






.05 



I 

1 



I 




92 

UJ 

Q 

ac o 

CL < 



O CL 
hi UJ 
H 

UJ 



CL 

a 

8 



< 

LlI 

(T 

<w 



CC 

o 



LJ 

Q H 
O 2 
2 U 

< rr 
ct: 




< 

h- 

o 

h- 



<.J) 

cc 

< 




2: ^ 
o 




cc 

h- LJ 
fO CL 



UJ UJ 

q: QC 



3 UJ 

< 2 1 



u. < 



’03S/yWV/-W0 'DS-03il3VM V3«V 3Q0NV HVIOI 






1. Ayrto* THE ELECTRIC ARC, Lonira 1902. 

2. rinft^lnbttrg, W., THE HIGH CURREIT 0AR30R ARC, FIAT flnjil Report 

1052. 

3. Cobin*, J.D., CASEOUS COJfDUCTOBS, H*w Icrtc 19U. 

4. Spntrtces* *•> tA Tngyl, B.A., PRTSICS OF TKE A«S^AHD TRANSFER 

OP ETAL IN ARC WKLOUTG, ir*ldlnc R***areh Counoil *f tb* 
ERglMorlni; Foimdatlon, V61. 711(1), Jen.*43. 

5. Cobin*, J.D, and 0«U*|^.*r, C.J., CORIOT DCKSITI OF THE ARC CATHODE 

SPOT, Physical R*vi*w, Tol. 174(10), Nor,* 49. 

6. EottiMnhov«n, W.B. and Jon**, T.B., ARC P!i£HO»ENA fflin ELICTRODiSS 

WFIFG AT HIGH SPESD, Th* W*ldlng Journal, Yol. 13(9), 
R«**ar^ Supples*nt 470* « 475* (194H). 

7* Jon**, T.B., Keuii*nhov*n, W.B. and Skolnlk, U., BEAT EFFECTS IN 
AA’OD? SPOTS OF HIGH am«K1fT ARCS, Th* W*ldlng Journal, 

Vol. 26(10), R***areh Sappl*a*ni, 461* * 465*, (1949). 

8. Kouaonho.Toa, W.B. and Jonas, T.B., (F1AR4G7CRI8TICS OF ARCS BETITEBN 

NOVIKG ELECTRODES, Proe. AISE, Kiae, papar No. 49-129, 
(april '49). 

9. Suit*, C.G., A STUDY OF ARC T©^HTUIW;S BY AN OF'TICAL -TETPOD, 

Phyalcs, 1935, Vol. 6, pp 315 -322. 

10. Jonas, T.».,10R»"ATI0N AND CHARACTSRITICS OF ANODF SPOTS IN HIGH 

CURTW ARCS, Ninth Annual Conferano* of Phynlcal 
Elaotronlo*, t.I.T. 

11. niapUn, J., PHYSICAL REYI»N, 1925, Vol, 27, pp407. 

IB. Northrop, E.V., S0”E 'fEWLY OB-'^'-RVID NANIFB-'TATIonS OF FORCES 

IN TFJE INTERIOR OF IN ELECTRIC COKmiCTOR, flhm Phy*l*«l 
R*-rlew, Tol, 24, 1907, pp4?4 -479. 

13. B*ch«*n, O.H., TECHNIQUE*? IN EXPERT «KTAL ELECTRONICS, Raw 

Toric, 1948. 

14. Cowpton, K.T., THEORY OF THE ELECTRIC ARC, Phy*lc» Raw., 21, 

2668 - 291*, (1923). 

15. Craody, F., FOPC^S Of FLECTRIC CNJIN IN THI IRON ARC, Tran*. 

AHE, 51, 556* - 563*, (1032). 



ys 






,w^x « 0 ifMy a — “ • . £ 



$ ipi is^t r»t* 



«T» ,.• .c 



.L^rt ,j«^ . •' l^awA ».:.v .tlibMi*'' f 

Vf 1 »t r*’ « t^ur - ..t .9 rm *«* .'• 

« 4 » 1 » llN»^ ^i» iia titlHi* .«c.J» 1 ^ ii «. 

,U\^ .UU£f .U# >r<J|yaa#f ■ln» 

rttJ At Sir ^ ..V.t <f^Uf r f«i 

ftiAjM* ^sn t^. i»iv^ 



U 'T.^^ ,5* t W ill— I *.#* <li»% 

ipcUlf* •«« ^ •#i£H 

.OafO - « 4 *» 




,\ 4 f#- fljr n ^ ,i «9 ,r«| ,r>i»im 

.nir* ,n .!•€ adflry^- j.i ,(^^>y.j*..a 

Mrf' '»*• ^ c. _*,: . 9 i«o<um .ir 

r UI.T* ^ ^ 

,rw .10^ 

. 'mil ^ M 

’ ^ *** ^ *!(siJIn 32 *. *^f .ir’jliw ' ^ 



95 



16* DruyTB 8 t« 7 nf itJ, uni Pwnlng, R«v. lod* Phya.^ 12« I40a - I66a» 
(1940). 

17. Eaaton, Luoaa and Craady, HIGH VELOCITT STKSA4D IN Tn5 7AOTir¥ 

ARC', Ilae. Sag,, 53, U5As -U60aa, (1934). 

18. Randbaok of Fhytlea asd Chaaistiy, Chaa, Rubbar Publ. Co., (1947). 

19. Hynaa, J.R., PRODUCTIOIf OF HIQfi WLOCITI ««CUR3f VAPOT JITS BY 

SPARK DI'?CHARC5, Phya. Raa., 73, 891a -903a, (1948). 

20. Hlbaaan, H.S, and Jansan, C.D., ELECTRIC ARC RELDI’t; UfIFR 

WATER, Tha Raiding Jouraal, 13(4)» 4s > 9a, (1933). 

21. Harooff, K, and Llaahlts, 4., ELECTRIC ARC WSLDIRC UNDER WATER, 

Tha Waldli^E Journal, 14(4), 15a ->58a, (1934). 

22. Hull, G.F, Jr, and Salt«aan, H., SOWE CHAHAGTSRinTICS OF BRIDGES 

ASD ARCS BiTWEIK SEPERATI>G METALLIC COETACTS, An. Phya. 
Soe, Annual *aatlng (1947). 

23. Laab, L.B., FUKDAwnTAL P»>CES^5 OF ^ECTRIO DISCnABGES IN 

0A*5, M aa York, (1939). 

24. Pandar, H., Dal Jar, W.A. and BalLaaln, S., ELECTRICAL VGIEEERIIIG 

HAWDBOOr, Haw York, (1936), 

25. SVolulk, W„ OHARACTRISTICS OF THE HIGH CURSrWT SLICTRIC ARC, 

Thaaia, Baltiaora, (1949). 

26. Spann, F.G., HIGH CUR’SWT ELECTRIC ARC AMD HIGH SPSID ELECT ODE 

PKEWOIBKA, Thaaia, Baltiaora, (1950). 

27. Keaaaohoaan, W.B., Jonas, T.B. and List, B.H,,PA?TR P«3R)4TWD 

UIDCLE EASTLlOr UESTIHG AXES, Oetobar, 2, 1950, Baltiaora, 



V 












i • 



* ,'T • 






I • 



• . r-k ^v"r 

^ J i i 



c « ^-‘- 



f 

r 

;_i '«ii» ; 

k. 



cf.# 






• • P 






1 ;' 



• • 1^ ' * * • *** ■ * <j ci * 

• H;? .... .‘' . . 





4 • 



, "£i 



- 0 

» • * 



^ » 



# I 

I 

I 






» 

1^ - • ■. • 



.V « * . 



. s 



« .. V 

'J- 

' I . 

• J . *V 






•*«> 



»*• I 



- ■* * 4 ' '• 

I A • i(^, 

» \l' '4 

1 5 .1 * 



-i», 



^ * 



It« f * , 4 






ftnii^ 



- 4 .. •» 

"'■ 1 ‘. 



I 

i • ♦ • .K4 

li • 



> •r - 




^1 - • 






•jk t 



% 



X 



V ' 



4 r 



* ^ w 



f ^ i •• , 



r -■ 




ym 



!Ih9 author ims bora in Helyoka, Kaoaaohusatta on July 16» 1919* 

Ho obtained hlo early dduoation In the public aehoola of that city, ta^<- 
leting in Jtao of 1$^* Ho waa oaployod in the local Induatrioo of tJiat 
city fron l9j^ to 19^* In ho onterod the United Statoa JSaral Aoad* 
CKiy an Annapolia Maryland* m 19^2$ i^an the occpleticn of the eourao of 
inatruotion at the Maral Aoadaciyf ho roaoivod his Qacholor of 3oienoo 
Oogroo and waa oaneiiBaiGnad an Qaaii^t in tha United Statoa fievy* Surlnc 
1942 and 194^ ho aonred in the Atlantic Fleet of the United Statoa IN^ry* 
during which tlmo ho participated in the aupport and proaaoution of the 
as^hibioua landing in Morth Afrioa» Sicily and Italy* Froa 1944 to 1946 
ho eorroo in the i^aoifio Ploot of tha &ltod Stataa Havy and waa aaq^loyad 
In tha dofanoa of ttio Aloution lalanda» the liboratira of the Hiilippino 
lalandsy the eiogo and oaptiuro of the Ji^anoao RUl KlUIS lalanda end tha 
aerial aiogo of the Japanoao haaoland* Daring 1946 ho travollod axtonaivo" 
ly in Japan «id participated in the Japanese War Orinoe friala* After 
idxort toura of ^;ity at Boston and !!owport> In 1946 ha reported to the 
U*S* Haral f’oatgraduato School at Anni^olis Maryland to roauaa his faraal 
training in anglnoaring* in J\mo of 19^9 this Inatitutien awarded hist the 
Baoheler of Soicnee Degree in Sloetrieal Sngineerlng* 






r 





i 



I 



I 



. w H 7 
uN 30 
u i. 6 



B 1 IIOERY 
RECAT 
D I SPLAY 




k 



Thesis 

1-2535 



r.chanus 

Arc'dri pbenomenrt 
iirect current arcs be- 
tween moving electrodes. 






u 



7 

6 



C J UOERY 
0 I SPLAY 



16467 



Tliesis 

112535 



llcyianus 

Anode phenomena of direct 
current arcs beWeen n.o/ing 
electrodes. 




’ •. :•* 



* t ' i 







